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Role of Occupational and Environmental Air 


Pollutants in Production of Respiratory Cancers 


W. C, HUEPER, M.D., Bethesda, Md. 


1. The Problem and Its Scope 


Environmental cancers, which, like infec- 
tious diseases, form a segment of the en- 
vironmental disease panorama, are caused 
by specific chemical and physical agents, 
the majority of which have been introduced 
into the human environment during the last 
100 years through the development of mod- 
ern industry. The epidemiologic pattern 
associated with these health hazards, as well 
as some limited practical experiences ob- 
tained in the past with the containment of 
several occupational cancers, indicates that 
industrial and sanitary engineering methods 


Submitted for publication Dec. 14, 1956. 

National Cancer Institute, National Institutes 
of Health, U. S. Public Health Service, Depart- 
ment of Health, Education, and Welfare. 

Presented before the Section on Engineering 
and Sanitation and the Conference of Municipal 
Public Health Engineers on Nov. 13, 1956, Atlantic 
City. 


can as effectively be applied toward the 
control of environmental cancers as they 
have been employed previously in the pre- 
vention of communicable diseases. Sanitary 
and industrial engineers have, for this rea- 
son, a special stake in the problem of 
environmental cancer hazards, which during 
the last decade have gained considerable 
stature as major causes of human cancers 
of various organs and tissues (Hueper). 

A particular facet of this problem which 
for several reasons has attracted recently 
special attention is related to cancers of the 
respiratory organs, i. ¢., the lung, bronchi, 
trachea, larynx, nasal cavity, and paranasal 
sinuses. The majority of the occupational 
carcinogens discovered during the past 30 
years produce cancers of the respiratory 
organs (Table 1). The remarkable and 
progressive rise in frequency of lung can- 
cers, beginning about the turn of the cen- 
tury, has been accompanied by an increasing 


TasBLe 1.—Occupational Respiratory Carcimogens and Cancers Recorded During Past 


Agent Site of Cancer 
Arsenic Lung 
Asbestos Lung 
Chromates Lung 
Nickel Lung 
Nares and nasal sinus 
Coal tar Lung 
Petroleum oils Lang and larynx 
Isopropy! oil Lung 
Larynx 
Nasal sinus 
Radioactive chemicals Lung 
Nasal sinus 
Total 


Year 

Discovered United Other Total 
States Countries 

1930 7 16 % 
22 rc) 
1932 75 65 140 
1932 0 
0 51 
1936, 0 53 53 
1936 7 34 40 
1046 1 0 1 
4 0 4 
one 6 0 6 
1879 0 625 625 
1931 0 4 
125 1,001 1,126 
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LUNG CANCER—ENVIRONMENTAL AIR POLLUTANTS 


Age Adjusted Death Rates per 100,000, White Male Population 


under 17 


17-20 


WA, 25 & over 


Fig. 2.—Respiratory system cancer, white males, United States, 1950. Age-adjusted death 


rates per 100,000 of the white male population. 


From Lew, E. A.: Cancer of the Respiratory 


Tract: Recent Trends in Mortality, J. Internat. Coll. Surgeons 24:12-27, 1955; published by 


the International College of Chicago, Chicago. 


pollution of the atmosphere with industrial 
effluents and industry-related waste prod- 
ucts, some of which possess established and 
strongly carcinogenic properties (Kotin et 
al.; Hueper). The relative direct or indi- 
rect causal role which occupational and 
general environmental air pollutants of in- 
dustrial origin have assumed in the produc- 
tion of respiratory cancers and in_ their 
increased frequency has become, during 
recent years, a matter of debate, especially 
because of the various claims advanced con- 
cerning the predominating role of cigarette 
smoking in this respect (Doll; Clemmesen ; 
Wynder and Graham ; Hammond and Horn ; 
Heady and Kennaway). The rather con- 
fused situation which has resulted from the 
various contradictory assertions in this mat- 
ter is of immediate importance and calls 
for an early resolution because of the 
growing seriousness of the lung cancer 


Hueper 


problem and the urgency of developing a 
rational and balanced research and control 
program based on the entire factual evi- 
dence obtained from all pertinent sources 
and on a global scale, and competently in- 
terpreted. Without such clarification neither 
can the scope and character of experimental 
research to be devoted to the various etio- 
logic aspects of lung cancers be determined 
rationally nor can intelligent decisions be 
arrived at concerning the extent and nature 
of prophylactic and preventive technologic 
and sanitary measures indicated, the socio- 
logic adjustments to be made, the economic 
implications to be considered, and the legal 
and medicolegal consequences to be faced. 


2. Epidemiologic Pattern 


A critical analysis of the peculiarities of 
the epidemiologic patterns of the cancers 
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Fig. 3. — Respiratory 
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DEATH RATE PER 100,000 POPULATION 
$ 


system cancer death rate 
by age and sex. White 
population, urban states 
and rural states, United 
States, 1949. States with 
less than 40% urban pop- 
ulation called rural, and 
states with more than 
80% urban population 
called urban. Rural 
states: Vermont, North 
Dakota, Mississippi, Ar- 
kansas, North Carolina, 
South Carolina, West 
Virginia, and Kentucky; 
urban states: Rhode Is- 
land, Massachusetts, New 
York, New Jersey, Cali- 
fornia, District of Co- 
lumbia. Source: Vital 
Statistics of the United 
States, 1949, 1950; Popu- 
lation Census of the 


° 


affecting the different parts of the respira- 
tory tract provides some circumstantial evi- 
dence as to the general nature of the cause 
or causes which may underlie their varying 
behavior. 

A. Increase of Frequency; Its Time of 
Onset; Its Regional Distribution.—Deaths 
from cancer of the lung have increased 
progressively during the last five decades 
in practically all countries of the Western 
World, where well-developed medical care 
and records are available (Dunn; Dorn; 
Dorn and Cutler; Hueper; Kotin; Lickint ; 
Kahlau; Weller; Doll; Pascua). 

The epidemiologically and, therefore, also 
etiologically significant and outstanding fea- 
ture of this development is its marked ir- 


United States; Statistical 
Research Section, Amer- 
ican Cancer Society, 1949. 


regularity as to time of onset, degree of rise, 
progression rate, sex distribution, and an- 
nual and relative increase in tobacco con- 
sumption in different countries, regions, and 
communities, and its consistent association 
with the degree of population density, in- 
dustrial activities, urban and rural areas 
and population groups, and the industrial 
and industry-related pollution of the atmos- 
pheric air with known and highly potent 
respiratory carcinogens. 

First discovered in several large indus- 
trial cities of Saxony around the turn of 
the century, the increase in lung cancer 
frequency was subsequently demonstrated 
in almost all countries of Europe and North 
America (Ringertz). However, this devel- 


Taste 2.—-/ncrease in Lung Cancer Deaths in Different Countries : 
Rates per 100,000 Deaths in Males * 


Country Year and Crude Lung Cancer Death Rate 


Year 
England and Wales 1930-1932 
Seothand 1930 
Finland 
Switzerland 
New Zealand 
Netherlands 
France 
United States 
Denmark 
Ireland 
Australia 
Canada 
Italy 
Norway 
Japan 
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URBAN MALE 

Py 

RURAL FEMALE 

40 50 60 70 80 

AGE 

; 

; 

: ‘ Rate Year Rate Year Rate 

12.9 490.5 1952 61.4 

10.6 1949 1952 5463 

13.6 29.8 1952 38.0 

12.0 26.1 1952 33.5 

7.2 24.5 1952 30.3 

21.7 1952 2.2 

5 16.7 1952 

| 4 15.1 1952 22.2 
16.7 1952 20.5 

2 gay 16.4 1952 19.0 

0 113 1952 164 

9.0 1952 115 

: | 1949 3.3 1952 49 

= * Compiled from data published by P. Kotin (Cancer Rea. 16; 375-303, 1956) . 
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Tasie 3.—Increase in Lung Cancer Deaths in Different Countries: 


Rates or 100,900 Deaths in Females * 


Year and Crude Lang Cancer Death Rate 


Rate 


Switzerland 
New Zealand 
Netherlands 
France 
United States 
Denmark 


o 


* Compiled from data published by P. Kotin (Cancer Res. 16; 375-393, 1956). 


opment varied distinctly in its time of onset, 
its progression its male-female 
ratio, and its degree in different countries 
and regions (Hueper; Kotin) (Tables 2 
and 3). For instance, a rise in lung cancer 
deaths became first noticeable in 1930 for 
Danish but restricted that 
time to males residing in Copenhagen. It 


rates, sex 


males, was at 


Taste 4.—Lung Cancer Death Rates in 
Metropolitan, Urban, and Rural 
Counties of Ohio* 


Metropolitan counties (8) 
Urban counties (7) 
Rural counties (73) 
The standard mortality ratio is 
Observed deaths < 100 
Expected deaths 


* Compiled from data by Mancus etal. (Am. J. Pub. Health 
45:58-70, 1955). The type of county is defined, according to degree 
of urbanization, as follows: metropolitan county, containing 
cities with 1950 populations of 100,000 or more (91% urban); ur- 
ban, containing cities with 1950 populations of 50,000-1 000,000 
(66.2% urban); rural, containing communities with 1950 popu- 
lations below 50,000 (41.4% urban). 


was not until 10 years later that the same 
phenomenon was observed for males living 
in rural areas and small towns of Denmark 
(Clemmesen and Nielsen). 

Similarly irregular, if not erratic, patterns 
of lung cancer death rates for both sexes 
were reported for subdivisions (states, prov- 


Taste 5.—Distribution, Expre ssed in Per Cents, 


Are as of Connecticut 1947- 1950 * 


Textile-Paper 
Heavy — 
Industry 


50.6 
958 


Area 
Sex 


Males 
Females 


Urban 


515 
8.6 


*Com ~* from data published b 
Health . 70:1-8, 1956). See also F 


©. 8. Wilder (Connecticut 
ure 5, 


Hueper 


and sections of 
several countries 
Tables 4, 5, and 6) 
Porterfield ; 
Stocks; Griswold; 


inces, metropolitan areas, 
metropolitan areas) of 
(Figs. 3, 4, 5, 6, and 7; 
(Mancuso, Macfarlane, 
Herbich and Neubold; 
Lew; Hoffman and Gilliam; Patno; Gil- 
liam; Haenszel, Marcus, and Zimmerer; 
Cruickshank ; Wilder), 

Area 1 of Pittsburgh (Fig. 7), 


and 


which 


showed excessive prevalence rates for can- 
cers of the respiratory organs and of the 
skin for white men, consists of the highly 


Tasie 6.—Lung Cancer Mortality Rates, per 1000 
Deaths by Sex, in Austria, 1954 * 


Community Total 


Vienna 

Cities 60,000-1 000,000 
C ities 20,000-60,000 
Remainder of Austria 


*Compiled from data published by Herlich and Neubold 
(Ztachr, Krebaforach, (0139-160, 1954). 


polluted “downtown” and “hill” sections 
with residents from the bottom of the socio- 
economic (Patno). The respiratory 
and cutaneous cancer rates in this district 
were practically twice those for men living 
elsewhere in the city, and the probability 
that the difference was due entirely to 
sample variations was less than 0.001. It is 
significant that many occupational agents 
(coal tar, petroleum oils, arsenicals, radio- 
active substances) causing cancers of the 
skin elicit, when inhaled, of the 
lung. 


scale 


cancers 


While, as a rule, urban and industrialized 
and densely populated regions have decided- 


Country eee 1952 1930 
Year iz Year Year Rate 
England and Wales 1930-1932 ioe 2 
Scotland 1930-1932 ly 1 
Finland 193% 6 
1929-1931 1949 
1930-1932 loo 4 
1929-1931 8 
on 
1929-1931 il 
1934-1936 5 
Ireland 1935-1937 4 
Australia 1932-1934 1949 7 
Canada 1930-1932 10 
Italy 1931 12 
Norway 1920-1931 13 
Japan loay 
122.9 
S18 
- Males Females 
$2.7 0.0 7a 
18.2 31.6 50 
32.3 a4 
103 173 4.7 
! Control 
68 


ly higher lung cancer rates than rural areas 
(Curwen, Kennaway, and Kennaway ; Doll ; 
Stocks; Clemmesen, Nielsen, and Jensen; 
Gilliam; Dorn), there occur not only 
marked fluctuations in this respect among 
communities of similar size and type (Table 
8%), but also exceptions to the rule. The 
lung cancer rates of several metropolitan 
areas in Ohio, for instance, were not ex- 
cessive. Kreyberg also recently stated that 
in Norway some cities with industries and 
industrial centers did not show higher fig- 
ures than do smaller cities with “pure” air. 
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The epidemiologic data recorded indicate 
that whatever factors were introduced into 
the human environment some 75 years ago, 
and caused a rise in lung cancer frequency 
during the last 50 years, did not become 
active in all countries, regions, and commu- 
nities at the same time and to the same 
degree, although male inhabitants of urban 
areas were most strongly affected by them 
in most instances. 

B. Environmental Causal Agents.—An 
examination of the human environment for 
factors which fulfilled the above-listed epi- 
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Fig. 4.—Observed and expected lung cancer deaths in urban and rural Ohio 1947-1951. 
From data in Mancuso et al. Am. J. Pub. Health 45-58-70, 1950; published by the American 
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Figure 5 
From Wilder, C. S.: Connecticut Health Bull. 70:1-8, 1956; published by the Connecticut 
State Board of Health, Hartford. 
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Figure 6.—Cancer of lung, bronchus, and pleura. 1946-1949 deaths of males per 100 of 
male population (calculated by applying rates for England and Wales to populations at ages 
0-, 35-, 45-, 55-, 65-, 754+-) in the City of London and metropolitan boroughs. From Stocks, 
P.: Brit. J. Cancer 6:99-111, 1952; published by the British Empire Cancer Campaign. 
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RESPIRATORY 


bs] AREAS WITH HIGH PREVALENCE RATES AREAS WITH LOW PREVALENCE RATES 


Fig. 7.—Prevalence of cancer among white men, by site, in 16 areas of Pittsburgh, 1947. 
From Patno, M. E.: Pub. Health Rep. 69:705-715, 1954, p. 709; published by the U. S. Public 
Health Service, Department of Health, Education, and Welfare 


Taste 7.—Relation of Density of Population in 
Conurbations to Lung Cancer Rates 1946-1949 * 


Mortality 
Ratet 

Giroups of adjacent towns with over 200,000 oecupied 

dwellings 

London, East Ham, West Ham, Croydon 1% 

Birmingham, Smethwick, Walsall, West Bromwich 144 

Manchester, Salford, Stockport 150 

Liverpool, Bootle, Birkenhead, Wallasey 162 

Leeds, Bradford, Halifax 132 
Sheffield, with 124,000 occupied dwellings 135 
Newenstle and Gateshead, with 87,000 cecupied 

dwellings iM 
Aggregate of 6 towns, each with 50,000 to 85,000 

occupied dwellings 113 
Aggregate of 3 towns, each with 40,000 to 50,000 

occupied dwellings 107 
Aggregate of 12 towns, each with 30,000 to 40,000 

occupied dwellings 104 
Aguregate of 13 towns, each with 20,000 to 30,000 

occupied dwellings 100 
Aggregate of 20 towns, each with less than 20,000 

occupied dwellings 


* Adapted from P. Stocks (Brit. J, Cancer 699-111, 1952). 

t Per cent ratio of registered to calculated deaths. 
demiologic conditions, and at the same time 
possessed established or possible carcino- 
genic properties, brought two main groups 


of substances under suspicion, namely, occu- 
pational and industry-related air pollutants 
of various types and constituents of ciga- 
rette smoke. The absolute and _ relative 
importance of these two groups of environ- 
mental agents in the causation and increase 
in frequency of lung cancer has become the 
subject of widely varying appraisals. 

The supporters of the cigarette theory 
claimed that the various statistical correla- 
tions obtained between the relative liability 
to lung cancer and cigarette smoking also 
extended to the urban-rural distribution 
pattern of these tumors, since urban popu- 
lations indulged more heavily in this habit 
than rural ones (Doll; Hammond and 
Horn; Doll; Kreyberg; Haenszel and Shim- 
kin). Doll asserted, in fact, that this factor 
accounted for the entire difference between 
urban and rural lung cancer rates. Apart 


Taste &.—Incidence of Respiratory Cancer; Morbidity Rates per 100,000 Population 


for Nme Metropolitan Centers by Sex, 1937 and 1947 


Reb 


Morbidity Rates 


Females Total 

Per Cent Per Cent 
1947 Increase 1937 1947 Increase 
5.0 400 29 4.9 
4.2 50 7.6 ws 174 
64 liso 3.1 17.2 455, 
39 334 110 PAS) 
8.1 6.4 48 124 
8.1 108 os 20.8 12 
70 “3 S58 18.0 105 
5.5 12 7.3 15.6 iM“ 
5.7 14s 74 19.0 1s) 


Primary Site and City Males 
Per Cent 
1937 Increase 
Bronechus and lung 
Atlanta 50 134 168 1 
New Orleans 13.1 39.1 198 2 
Dallas 59 20.0 302 0 
Birmingham, Ga. 45 18.9 320 2 
Denver 29 ‘4 
San Francisco 15.6 $43 120 
Chicago 13.3 5 122 4 
Pittsburgh 9.7 26.1 169 4 
Detroit 12.6 32.0 iM 2. 
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from the fact that some of the data used in 
these calculations are of dubious scientific 
value, the markedly irregular epidemiologic 
pattern of lung cancer for various regions 
and population groups associated with ex- 
posures to industry-related air pollutants of 
widely different types and degree practically 
excludes the possibility that one single factor 
is involved in being responsible for the 
wide variations in incidence rates. Lung 
cancer is definitely not a disease entity, like 
smallpox, but is a group of diseases with 
different and distinct causal factors. Statis- 
tical-epidemiological appli- 
cable to smallpox therefore have no place 
in the interpretation of statistical data con- 
cerning lung cancer, and cannot justly be 
advanced in support of the allegation that 
some 80% to 95% of all lung cancers in 


considerations 


men are due to cigarette smoking. Experi- 
enced biostatisticians recently have called 
attention to the common statistical fallacy 
of ascribing cause-and-effect relationship to 
an association by rationalization (Arkin; 
Dorn; Berkson; Macdonald). The possi- 
bility of misinterpretations of statistical data 
obtained from a single factor study of a 
disease having recognized multiple causal 
factors of wide distribution, marked carci- 
nogenic potency, and relations as to time of 
introduction and increase of exposure sim- 
ilar to those of the specific factor analyzed 
appears to be sufficiently great in this par- 
ticular instance for 
sweeping conclusions. 


cautioning against 
It would be well to 
remember in this connection that some stat- 
isticians who now advocate strongly the 
validity of the cigarette theory up to a few 
years ago were equally confident on the 


basis of their statistical data that severe 


trauma is one of the factors in the etiology 
of breast cancer ( Lane-Claypon; Lombard), 
although the concept of an acute traumatic 
genesis of cancer has belonged for some 
time to those concepts of 


carcinogenesis 
having no credit among competent oncolo- 
gists (Hueper). Perhaps Stocks and Camp- 
bell had such facts in mind when they 
proposed recently a much more conservative 


Hueper 


estimate regarding the role of cigarette 
smoking in the production of lung cancer 
among the inhabitants of North Wales and 
the Liverpool region, since they attributed 
only about 50° of the cases observed in the 
Liverpool area to cigarette smoking, while 
three-fourths of the remaining cases were 
thought to be caused by an “urban” factor, 
presumably industrial air pollutants. How- 
ever, even this estimate is heavily biased 
by the arbitrary assumption that the benz- 
pyrene content present allegedly in cigarette 
smoke was about 12 times as effective in 
eliciting lung cancers as benzpyrene dem- 
onstrated in atmospheric air. Only when 
such a “corrective” coefficient is applied was 
it possible to obtain proportional correla- 
tions between the total exposure to benz- 
pyrene from both cigarette smoking and air 
pollutants and the relative incidence rates 
of lung cancer found in the industrialized 
metropolitan Liverpool area, an interme- 
diary urban-rural region, and the rural area 
of North Wales. As one of the surprising 
by-products of this weighted calculation, it 
appears that the great majority of lung 
cancers occurring among the rural popula- 
tion group attributable to cigarette 
smoking, although farmers also have contact 
with arsenical insecticides and sheep-dip, 


are 


soot from domestic coal furnaces, and the 
exhaust of gasoline and Diesel engines used 
for cultivating purposes. 

Yielding to a tendency of generalization 
and oversimplification in the extension of 
observations made on a restricted or selected 
scale, proponents of the cigarette theory do 
not take proper cognizance of the facts that 
the rise in lung cancer rates started before 
cigarette smoking assumed large propor- 
tions, and that no consistent relation exists 
between the consumption of tobacco and 
cigarettes in different countries and during 
various periods and their respective lung 
cancer rates (Daff, Doll, and Kennaway; 
Doll; Herbich and Neubold; Denk; Moore ; 
Rigdon and Kirchoff ; Llombart). Although 
the male lung cancer death rate for England 
and Wales is twice that of the United States, 
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Deaths Deaths 


New Zealand 
United Kingdom 


*The enim of the difference between observed and ex 
t Adapted from D. F. Easteott (lancet 1:37-39, 1956). 
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from Cancer of Lung According to 


Age at Entry to U inited ted Kingdom 
Under 30 30 and over 


deaths in the two countries is p<0.001. 


" Eastcott suggested that the higher incidence of lung cancer 


among British immigrants might be due to an exposure to industrial air pollutants sustained in Great Britain previous 


to their entrance into New Zealand, 


the per capita consumption of cigarettes in 
the United States is 30% higher than in 
England and Wales. Gsell did not find any 
significant differences in the smoking habits 
between urban and rural physicians in 
Switzerland, showing thereby that, for at 
least this instance, the allegedly existing 
urban-rural ratio of cigarette smoking does 
not apply. 

Recent studies of Eastcott on the relation 
of cigarette consumption and lung cancer 
liability also show that this claimed associa- 
tion is not demonstrable for the inhabitants 
of New Zealand. Eastcott found that set- 
tlers from Great Britain are more liable to 
lung cancer than persons born in New Zea- 
land, who smoke just as much (Table 9). 

A similar connotation must be attached 
to the results of recent studies of Cohart 
concerning the socioeconomic distribution of 
lung cancer in New Haven, Conn. The 
incidence of lung cancer was found to be 
about 40% greater among the poor than 
among the other socioeconomic classes, Un- 
less it is assumed, according to Cohart, that 
cigarette smoking is inversely related to 
socioeconomic status, an assumption that 
probably cannot be supported in fact, then 


TABLE 10.—Lung Cancer im _ Several Counties, 1947-1948 * 


it is reasonable to conclude that important 
environmental factors other than cigarette 
smoking exist that contribute to the causa- 
tion of lung cancer. Again it is significant 
concerning the irregularity of the epidemio- 
logic lung cancer pattern that socioeconomic 
conditions do not seem to exert any de- 
monstrable influence upon lung cancer rates 
of various classes, indicating that the mor- 
tality gradient observed between the social 
classes in England may be due to environ- 
mental differences which have no parallel in 
the United States (Hewitt and Brooks- 
bank ). 

The obvious importance of local environ- 
mental carcinogens of probably industrial 
nature other than tobacco smoke for the 
production of lung cancer and for the de- 
termination of incidence rates which is evi- 
dent from observations made in Connecticut 
(Table 5) and Pittsburgh (Fig. 7), receives 
support through the observations made in 
Montana by Lull and Wallach, who noted 
excessive lung cancer death rates in counties 
with special industrial operations (Table 
10). 

The total qualitative and quantitative epi- 
demiologic evidence on the regional distribu- 


vunty and Total Cancers 
Major Industry 


Po jon 1950 


Deer Lodge, 13,627 Copper smelting { 


Silver Bow, 53,207 Copper mining { a7 
Caseade, 41,400 Copper mining, smelting { 2» 
Gallatin, 14,260 Agriculture 1 


Per Cent Annual 
Toul Lung Cancer Deat 
“ancer te /100, 
Deatl /100,000 


33 
o 


* Lull and Wallach: Personal communication of unpublished data. 
+ The estimated crude death rate for lung cancer among white males in the entire United States in 1947 was 10.9 per 100,000 popula- 


tion. 
t The workers employed in copper ore mining and smelting inhale dust and fumes of arsenic contained in the ore and released as a 
by-product and waste product during the smelting process. 
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Taste 11.—Sex Distribution of Lung Cancer in the United States and Selected 
Foreign Countries, 1850-1953 


Country 
United States 


Year 


* Mexicans living in Los Angeles. 


tion of lung cancers supports the view that 
environmental factors other than cigarette 
smoke most likely account for the causation 
of these tumors and their recent increase in 
frequency. 

C. Differences and Variations in Male- 
Female Sex Ratio.—Great importance has 
been attached by supporters of the cigarette 
theory to the fact that the increase in lung 
cancer has been much more marked among 
male than among female patients, that this 
development paralleled the increasing greater 
use of cigarettes by males, and that for this 
reason the two phenomena were causally 
interrelated. A critical analysis of the actual 
evidence reveals that such a conclusion can 
only be reached if the considerable fluctua- 


Taste 12—Male-Female Sex Ratio of Lung Cancers in Germany, 1886-1927 
and 1940-1950 


Male-Female 
Author Ratio 

Dorn 5:1 
Moore 6.6:1 
Humphreys 7 
Beeler et al 11.5:1 
Lindskog 4.521 
Carlisle et al 20:1 
McBurney et al 29:1 
O'Keefe 20:1 
Farberow and Baslow 13.5:1 
eely 

Steiner 10.7 
Kreyberg 4 
Kreyberg 
Henschen 2:1 
Clemmesen 
3:1 
15:1 
Grosze 6.6:1 
Grosze 18:1 
Grosze 
Grosze 3.8:1 
Grosze 
rosze 541 
Lemoine 10:1 
Gagnon 8:1 
Santas 50:1 
Mason 10:1 
Fulton 


tions in the 
countries, 


sex ratio found in different 
among different population 
groups, and at different periods, are totally 
disregarded (Tables 11 and 12), and when 
no account is taken of the considerable 
amount of direct and circumstantial evidence 
pointing to a significant role of various 
chemical environmental air pollutants and 
differences in the degree of occupational 
and environmental exposure of members of 
the two sexes to these factors (Hueper ; 
Kotin). Men work much more frequently 
and longer than women in occupations with 
known or suspected respiratory cancer haz- 
ards. They spend longer periods in urban 
environments, while women often spend 
most of their time in the cleaner suburbs, 


2.5:1 

2.9:1 
Berlin Wahi 8.7: 
Bejach 24:1 

Berlin Hanf 36:1 
Berlin Redlich 5.2:1 
Koehn Kichengruen and Essen 4.73 
Minchen Fuchs 1.63 
Jena $.0:1 
Hamburg Kikuth 18:1 


15:1 
Leipzig norr 1h 
Leiprig Merkel 
Zwickau Gerbe 
lin 9:1 
Potsdam Hollmann 19:1 
Koeln Breyer 2:1 
M inchen Anacker 
M inchen Kautzsch 18:1 
M finchen Frey 
Jens Kuntzen 49:0 
Hamburg Letzius 


— 
1953 
1951 
1947 
1950 
1946 
1951 
1941 : 
1951 
1949 
1941 
1935 
Mexicans * 1953 ‘ 
Norway 1953 
1925 
Sweden 1947 
Denmark 1931 : 
1045 
Austria 1953 
Germany 1953 
1850-1890 
1900-1919 
1920-1929 
1930-1939 
1940-1949 
France 1952 : 
Canada 1948 
Argentina 1947 x 
England 1949 ; 
1949 
1940-1950 
City Author Ratio City Author Ratio 
Hueper 437 
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and indoors, where they do not become 
exposed to the same degree as men to the 
general environmental air pollutants related 
to industrial activities and motor traffic. 
Whenever the type and degree of contact 
with respiratory carcinogens for occupa- 


tional or environmental reasons tended to 
become equalized, the sex ratio revealed a 
similar tendency (asbestosis cancer of the 
lung [Hueper; Merewether]; domestic 
soot cancer of the lung in Mexican women 


Taste 13.—3,4-Benspyrene Content of the Air of 
hight English Cites * 


Mean Annual Concentration 
City 7 of 3,4-Benzpyrene in 100 
Cubie Meter of Air 
London (County Hall) 4.6" 
Sheffield 
Leicester 
Burnley 
Bilston 
Cannock 


* The alr was collected 75 {t. above ground level, and the re- 
sults, therefore, are not directly comparable with the others, in 
which the air filtrate was obtained at lower levels or at ground 


vels. 
* Adapted from Waller, KR. E.: Brit J. Cancer 68-21, 1952. 


438 


[ Steiner, Butt, and Edmondson]). These 
observations supply sound and serious rea- 
sons in support of the view that specific 
and general air pollution factors evidently 
are of considerable significance in deter- 
mining sex ratios of lung cancer in different 
regions and populations, especially since 
some evidence exists indicating that the 
male-female sex ratio may be high (16:2), 
although women are heavy smokers (Cor- 
rea). 

3. Type, Quantity, and Quality of Air 
Pollutants.—During the last decades increas- 
ing amounts of industrial effluents from 
industries handling or producing cancer- 
related chemicals and of exhausts of motor 
vehicles have been released into the atmos- 
phere (Fig. 8). 

Data available from chemical analysis of 
air pollutants of metropolitan and indus- 
trialized regions provide additional evidence 
in this direction. Waller, determining the 
3,4-benzpyrene content of air filtrates of 
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eight English cities, noted the mean annual 
concentrations of benzpyrene the air 
shown in Table 13. 

In commenting on the possible signifi- 
cance of these figures in terms of human 
exposure, Waller pointed out that they re- 
flect only conditions close to each collecting 
station, and not necessarily those in the town 
as a whole. Marked seasonal variations in 
the benzpyrene content were observed, the 
highest values being found during the winter 
months, up to l5y to 30y per 100 cubic 
meters of air in Salford (Cooper), particu- 
larly during periods of smog, when the 
benzpyrene values rose fourfold above the 
usual level (32.8y, as against 6.4y to 9.8y 
Waller]). Similar local variations in the 
benzpyrene content of the air were reported 
from the Liverpool region by Stocks and 
Campbell, who recorded 0.77 in 100 cubic 
meters of air for the rural region, 7.7y in 
Liverpool, and 8.5y in Bootle, giving a ratio 
of rural to urban atmospheric benzpyrene 
of 1:10. 

In any attempt to apply these benzpyrene 
values to the human cancer problem as an 


in 


index of the degree of exposure to carcino- 
genic air pollutants, proper consideration 
must be given to the fact that 3,4-benx- 
pyrene is merely one of several carcinogenic 
hydrocarbons formed during the incomplete 
combustion of carbonaceous fuel (coal, oil, 
gasoline) (Shubik; Kotin), and therefore 
provides mainly an indicator for the pres- 
ence of carcinogenic hydrocarbons in the air, 


14.—Estimated Amount* of Aromatic 
Hydrocarbons in One-Minute Samples of 
Gasoline Exhaust with Varying 
Engine Revolution Speeds t 


Benz- Anth- 
perylene anthrene 


Revolutions 
per Minute 


Benz- 
pyrene 


Com- 
Pyrene pound X 


177 


70 


1 in micrograms at 0 load 
otin, Falk, and Thomas (A. 
9:164-177, 1954). 


* Quantities are ex 
t Adapted from 
Indust. 


M. A. Arch 


but not an accurate or approximate measure 
of their amounts and relative carcinogenic 
potency. The observations of Kotin, Falk, 
Madar, and Thomas, and of Falk and Kotin, 
moreover, have demonstrated that the chem- 
ical nature of atmospheric carcinogenic 
pollutants depends in part upon the fuel 
burned. In an atmosphere polluted mainly 
by combustion products of coal, the air con- 
tains, in addition to various carcinogenic 
polycyclic 
amounts of arsenic and radioactive matter 
originally present in the coal (Meetham; 
Goulden, Kennaway, and Urquhart; Ander- 
son, Mayneord, and Turner) (6y of AsgOx 
per 100 cubic meters). 

Determinations made on the benzpyrene 
content of the particulate phase of gasoline 
and Diesel engine exhausts have shown that 
gasoline motors under traffic conditions pre- 


aromatic hydrocarbons, small 


vailing in congested cities, and that Diesel 
engines when placed under strain or in 


Taste 15.—Estimated Amount * of Aromatic Hydrocarbon One-Minute Samples 
of Diesel Exhaust with Varying Load and Engine Revolution Speed 


Revolutions 
per Minute 


Condition Pyrene 


Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 
Compression release 


and with Fuel Inj 


ection Inefficiency t 


Benz- Anthan- 


threne 


Benzpyrene 


* Quantities are expressed in micrograms per minute. 


t Adapted from Kotin, Folk, and Thomas (A. M. A. Arch, Induat, Hyg. 9: 164-177, 1954). 
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C 
439 325 él 102 
1,500 266 34 
2,000 374 142 73 
2,500... 346 127 25 a 
3,000___.. 121 25 3 BS “4 
4s 5 10 ay 15 
| 
ar 
perylene 
1000 0 137 22 146 22 0 
267 76 465 42 44 
1/2 536 175 772 124 223 
a/4 1800 40 1320 610 472 
4/4 2500 876 1265 
1200 0 20s 0 4 7 44 
4 257 0 47 a 
1/2 445 7s 437 171 197 
4/4 1912 1706 976 
1400 0 188 0 0 
1/4 177 78 0 16 
1/2 220 76 1372 : 
3/4 337 1071 577 
44 822 346 1687 O44 
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improper working condition, generate appre- 
ciable amounts of 3,4-benzpyrene (Tables 
14 and 15) (Kotin and associates; Lyons; 
Commins, Waller, and Lawther; Fitton; 
Mittler; Clemo et al.; Tebbens, Thomas, 
and Mukai). 

Exhausts of gasoline moturs, as well as 
volatilized gasoline from tanks, discharge 
uncombusted aliphatic hydrocarbons into the 
air, which are converted through the action 
of ozonoids into unsaturated and polymer- 
ized aliphatic compounds possessing carci- 
nogenic properties to mice (Kotin; Kotin, 
Falk, and Thomas). 

It is of special importance in relation to 
the human lung cancer problem that both 
aromatic and aliphatic carcinogenic hydro- 
carbons from motor vehicles are released 
into the air at ground level, where they can 
act upon pedestrians and drivers before 
they become highly diluted. Observations 
made on the carbon monoxide content of 
the air originating from motor cars at vari- 
ous heights above street level indicate that 
the concentration of the exhaust decreases 
rapidly with increasing height, being about 
one-third of the ground-level rate at 100 ft. 
(Fitton). The degree of exposure of urban 
residents and workers to carcinogenic com- 
ponents of motor exhaust, therefore, must 
vary considerably in different localities, at 
different heights above street level, and at 
different times, depending on the density of 
motor traffic, its speed, and its continuity, 
as well as on the dispersal rate of the ex- 
haust, as determined by the height of the 
buildings and prevailing climatic conditions 
(sunshine, wind, rain, fog, temperature in- 
version). 

In an appraisal of the relative and 
potential importance of these atmospheric 
pollutants for the human lung cancer prob- 
lem, some guidance is provided by the 
administration of the various organic frac- 
tions obtained from filter residues of air to 
experimental animals. Cancers were pro- 
duced consistently and in an appreciable 
number of mice painted and/or subcutane- 
ously injected with ether extracts of house- 
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hold chimney soot by Passey (1922) and 
by Campbell (1943); with tars extracted 
from atmospheric dusts of several large 
American cities by Leiter, Shimkin, and 
Shear ; Leiter and Shear (1942), and Kotin, 
Falk, Mader, and Thomas (1954) ; with tars 
obtained from industrial smoke by Clemo 
et al. (1955); with extracts of exhaust of 
gasoline and Diesel motors by Kotin, Falk, 
and Thomas (1954, 1955), Clemo et al. 
(1955), and Brockbank (1950), and with 
aromatic polycyclic hydrocarbon-free, ali- 
phatic atmospheric extracts by Kotin and 
Falk (1955), and Kotin, Falk, and Thomas 
(1955). The last-mentioned investigators 
also succeeded in eliciting alveolar tumors in 
the lungs of C*? black mice, which have no 
tendency toward spontaneous pulmonary 
tumorigenesis, as well as in accentuating 
such inherited tendencies in Strain A mice 
as to time of onset, number of tumors in 
individual animals, and incidence rate of 
tumors in the animal population at risk when 
these animals were exposed to atmosphere- 
extracted aliphatic hydrocarbons. 

In sharp contrast to these experimental 
observations, indicating a considerable car- 
cinogenic potency of aromatic and aliphatic 
air pollutants are the inconsistent and poor 
results obtained with the cutaneous applica- 
tion and inhalation of tobacco and cigarette 
tar and smoke to mice and rabbits, as well 
as the equivocal identification and demon- 
stration of any appreciable amounts of any 
known chemical carcinogen in cigarette 
smoke. From reviews of the literature by 
Flory and by Wynder, Graham, and Cron- 
inger, it is evident that, with the exception 
of the results recorded by Roffo, only an 
occasional cancer was produced in mice or 
rabbits following a repeated and prolonged 
application of tobacco tars to the skin or 
the inhalation of tobacco smoke obtained by 
various methods of pyrolysis, according to 
reports published by 1950. This situation 
has not undergone any fundamental changes 
in recent years, since the observations of 
Wynder, Graham, and Croninger, showing a 
yield of carcinomas of the skin in 44% of 
the mice painted with tobacco tar, have not 
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been confirmed as yet by any subsequent 
investigator using an identical or a similar 
method of cigarette tar production and re- 
peated and prolonged cutaneous applications 
of the tar (Passey; Gwynn and Salaman; 
British Empire Cancer Campaign Report of 
1955, and others). The results so far ob- 
tained by this experimental approach rather 
suggest that, in comparison with the car- 
cinogenic potency of coal tar and aromatic 
and aliphatic air pollutants, tobacco tars are, 
at most, mildly carcinogenic to the skin of 
mice, Equally equivocal are the observations 
recorded during the last few years regard- 
ing a carcinogenic action of cigarette smoke 
on the lungs of mice (Essenberg; Mihl- 
bock ; Lorenz, Stewart, Daniel and Nelson) 
when seen in the light of similar experi- 
ments conducted with air pollutants by Ko- 
tin and associates, and with coal tar dust 
by Campbell. 

It is noteworthy, moreover, in this con- 
nection, that the actual presence of any 
amount of cigarette 
smoke has remained a controversial issue, 


3,4-benzpyrene in 


despite numerous investigations by com- 
petent (Kosak, Swinehart, and 
Taber; Kuratsune ; Lettré and Jahn; Coop- 


workers 


er and Lindsey ; Cooper, Lindsey, and Wal- 


ler). It seems that the presence or absence 
of 3,4-benzpyrene in cigarette smoke may 
depend upon the method of its production, 
i. €., the temperature of combustion and the 
relative oxygen supply as controlled by the 
number and duration of puffs, and the speed 
of the air stream through the cigarette 
smoked in the various smoking machines 
used. There is serious doubt that the rela- 
tively minute amounts of 3,4-benzpyrene 
claimed to have been demonstrated in ciga- 
rette smoke can account for the bulk of the 
carcinogenic potency allegedly exerted by 
this medium on the tissues of the lung. 
Whether the absorption of fluorescent ma- 
terial in cigarette smoke or of anthracen 
contained in it by the respiratory conduits 
plays any significant role in the production 
of bronchiogenic carcinomas is purely spec- 
ulative (Druckrey and Schmahl; Schmahl, 
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Consbruch, and Druckrey; Schmahl and 
Schneider ). 

It has been suggested, moreover, that ar- 
senic content of tobacco, representing an in- 
secticide residue, might play a causal role in 
the production of lung cancer in cigarette 
smokers (Doll and Hill; Daff and Kenna- 
way; Oliver; Satterlee; Daff, Doll, and 
Kennaway ; Barksdale). Since the ingestive 
and cutaneous contact with inorganic ar- 
senicals has resulted in cancer of the skin 
in man, and while the inhalation of arseni- 
cals apparently has caused cancer of the 
lung under occupational conditions, not all 
cigarette contain significant 
amounts of arsenicals. Although “Turkish” 
tobaccos have as a rule a very low arsenic 
content, lung cancer rates have risen also 
in countries where these types of tobacco 
were predominantly smoked. Nevertheless, 
it seems to be advisable to keep the arsenic 
content of tobacco at the lowest possible 
level, because in most industrialized coun- 
tries the population has contact with ar- 
senicals from various environmental and 


tobaccos 


dietary sources. 

It is, on the other hand, most unlikely 
that the minute content in tobacco of radio- 
active material plays any role in any car- 
cinogenic effect claimed for tobacco smoke 
(Spiers; Spiers and Passey). With a few 
exceptions in circumscribed areas, similar 
considerations probably apply to the episodic 
and permanent increases of background 
radiation of local and world-wide character 
related to fall-out of radioactive atomic 
debris and to activities of the radiochemical- 
processing industry which have occurred 
during recent years (Parker; Machta, List, 
and Hubert; Eisenbud and Harley). This 
situation, however, may be subject to change, 
depending upon the type and degree of fu- 
ture developments in radioactive operations 
(Hueper ). 

Mention must be made of the presence of 
a carcinogenic fungicide, 8-oxyquinoline, 
which appears in the main smoke stream in 
some tobaccos (Wagner). When implanted 
into the bladder of mice, it has produced 
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papillomas and carcinomas (Boyland and 
Watson). The appearance of uterine can- 
cers in rats following a daily instillation of a 
spermicidal contraceptive containing — this 
chemical also suggests a carcinogenic action 
of 8-oxyquinoline ( Hoch-Ligeti). 

In addition to the potential role of general 
air pollutants (incomplete combustion prod- 
ucts of carbonaceous fuels, oxidation and 
polymerization products of aliphatic hydro- 
carbons formed from volatilized gasoline 
constituents, arsenicals, and radioactive mat- 
ter) in the production of lung cancer, locally 
circumscribed contamination of the atmos- 
phere with known carcinogenic materials 
associated with the release of industrial 
wastes in the form of dusts, fumes, mists, 
vapors, and gases of industrial establish- 
ments producing or handling carcinogenic 
substances may possibly create such hazards 
for persons living or working in the vicinity 
of such plants. A good illustration of this 
circumscribed type of industrial air pollu- 
tion was recently furnished by Bourne and 
Rushin, who determined the ground-level 
concentrations of chromium versus leeward 
distance from a chromate manufacturing 
plant (Vig. 9). 


MG PER CU METER 


z Ol 


CONCENTRAT 


wo 2 6 8 0002 4 €80 
DISTANCE IN FEET FROM SOURCE 


Fig. 9.—Ground-level concentrations of chromi- 
um versus leeward distance from source. From 
Bourne, H. G., and Rushin, W. R.: /ndust. Med. 
19 568-569, 1950; published by the Industrial 
Medicine Publishing Company, Chicago. 
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The presence of yellowish and greenish 
chromium deposits on the ground in the 
vicinity of chromate plants provides addi- 
tional evidence of an environmental con- 
tamination with carcinogenic matter from 
such sources. A similar pollution may result 
from an extensive use of chromates as rust 
and corrosion inhibitors in automobiles, par- 
ticularly in communities in which salt is em- 
ployed for the removal of ice and snow 
from the streets and where, because of the 
usage of chromates for protective purposes, 
the snow may become yellow-colored from 
spilled chromates (Davis). The large-scale 
use of barium and zine chromate paints for 
the protection of airplanes against corrosion 
also has provided a source of relative wide- 
spread air pollution with these carcinogenic 
materials through their release into the at- 
mosphere with the exhaust of airplane 
manufacturing or maintenance plants. 

The possibility or actuality of similar local 
atmospheric pollutions with carcinogenic in- 
dustrial effluents exists in the neighborhood 
of smelters handling arsenic-containing ores 
(copper, zinc, silver), brass foundries, ra- 
dioactive-ore smelters and refineries, petro- 
leum and coal tar refineries, carbon-black 
plants, coke ovens, steel plants, gas houses, 
railroad switchyards, asbestos factories, 
beryllium plants, and other industrial estab- 
lishments handling, producing, ship- 
ping carcinogenic materials affecting the 
respiratory system. While the degree of 
exposure to these agents for the population 
living in the environs of such plants will 
be in general of relatively low order, 
it is usually a continued one, and there- 
fore should exert a cumulative and ad- 
ditive effect. According to experiences 
gained in the fields of experimental and oc- 
cupational carcinogenesis with these and 
other exogenous carcinogens, it may justly 
be expected that such exposures in all like- 
lihood may elicit cancerous reactions in some 
members of the populations at. risk. 

4. Occupational Lung  Cancers.—A\l- 
though some proponents of the cigarette 
theory of lung cancer have tried to minimize 
the importance of lung cancer hazards from 
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TABLE 16.—Nuwumber of Patients with Five or More 
Years’ Exposure in Selected Occupations 
Among 408 Lung Cancer Cases 

and 408 Controls * 


Lung 
Cancer 
Cases 


Occupation Controls 
Total 
Welders 
Crane men and derrick men, exposed to 
metals 
Firemen, stationary and marine boilers 
Metal miners, copper, lead, and zinc 
Drillers and tool dressers, oi! 


* Adapted from L. Breslow (Dis. Cheat 28: 421-430, 1955). 


industrial and industry-related sources in 
the over-all lung cancer problem ( Kreyberg ; 
Kennaway; Doll; McConnell, Gordon, and 
Jones; Clemmesen and Jensen), there is a 
substantial body of evidence supporting the 
view that contact with some such factors is 
associated with an excessive liability to can- 
cer of the lung among members of a number 
of large and small occupational groups, some 
of which sustain exposures to known car- 
cinogens Hoaglin, Rasmussen, 
and Abrams ; Ross; Mancuso; lulton; Ken- 


( Breslow, 


naway and Kennaway; Ask-Upmark; Tou- 
raine Bour; Huguenin, Fauvet, and 
tourdin; James; Wynder and Graham; 
Lew; Levin, Kraus, Goldberg, and Ger- 
hardt; Dublin and Vane; Breslow ; Hueper ; 
Turner and Grace ; Dunner and Hicks; Ver- 
sluys) (Tables 16, 17, 18, 19, 20, and 21). 
In an analysis of lung cancer death rates 
among policyholders of the Metropolitan 
Life 
markedly higher rates among white male in- 
dustrial policyholders than those for white 
men in the general population. The reasons 
for these higher death rates must be sought, 


and 


Insurance Company, Lew noted 


Taste 17.—Lung Cancer Death Rates per 1000 
Deaths from All Causes for Seven Industrial 
Groups in Ohio, 5309 Males, 1947 * 


Death 
Industry Rate 
Nonferrous metal 
Transportation 
Rubber and plastics 
Iron and steel 
Mining and quarrying 
Agriculture 
Stone, clay, glass 


Total 


*Adapted from data by Mancuso et al. (Am. J. Pub. Health 
45; 58-70, 1955). 
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Taste 18.—J/ncidence of Cancer of Lungs from 
Insurance Records of the Brotherhood of 
Locomotive Engineers, Brotherhood of 
Locomotive Firemen and Enginemen, 
and Brotherhood of Railroad 
Trainmen * 


Deaths from Lung Cancer 


Year Firemen, 


per 50,000 


Trainmen, Engineers, Total 


per 100,000 per 50,000 


Inerease lung 

cancer compar- 

ing 1942 with 

1052 73.33 
Increase lung 

cancer compar- 

ing 1942 with 

1951 118.33 
Average in- 

crease of lung 

cancer for 10 

Yr. 1942 to 

1951, inclusive 5.33 


71.38 38.17 


From data supplied by E. 8. Ross in a personal communica - 


lor 


in his opinion, in some environmental and 
occupational factors which, according to 
Lew, are also responsible for the geographi- 
cal variations in death rates from cancer of 
the respiratory tract, which are high in most 
urbanized and industrialized states and low 
in most agricultural states (Hueper). This 
observation is in harmony with statistical 
data of occupational groups showing that 
farmers have consistently lung cancer death 
rates at or near the bottom of the seale but 
skin cancer rates at the top of the list. 

19.~-Occupational Groups with Excessive 
Incidence of Lung Cancer 


Occupational Group Potential Respiratory 


Carcinogens 


Metal 
mist 


Metal workers, welders, metal 
grinders and polishers, wire 
makers, tool and die makers, 
foundry workers, metal 
molders, lathe workers, 
boiler scalers 

Cigar manufacturers and to- Tobaceo 
bacconists soot 

Engineers, mechanics, ma- Metal dust, soot, lubricating 
chinists, plumbers, crane oll 
operators in smelters, ete. 

Painters, decorators 


dust, lubricating oil 


dust, insecticides, 


Metal pigments, coal tar dyes, 
carbon black, asphalt 
paints, solvents, 
(lacquers, resins, synthetic 
plastics) 

Tar workers, road workers, Tar and pitch furnes and dust 
asphalters, paviors, stokers, soot 
patent fuel workers, furnace 
men, foundry laborers, rol- 
lers, ete, 


1943 5 28 i 
16 19 6 
1945 32 10 
1947 a7 12 78 
1948 Bh 15 
63 22 low 
1950 21 62 4 
1951 2s 75 as . 
1952 75 28 
Total 233 iw) wy 
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Taste 20.—Cancer of the Lung in English Iron 
Ore Miners, 1932-1953 


Autopsies No. Lung Cancer Percentage 
Iron ore miners 192 17 8.5 
Cum males 
over 2 yr. 2378 “4 135 


These epidemiologic data incriminating 
known and unknown environmental respira- 
tory carcinogens in the production of 
cancers of the lung provide circumstantial 


Taste 21.—Deaths Due to Cancer of the Lung 
Among Iron Ore Miners and Residents 
of Minnesota 1950-1954 * 


No. of Deaths Death Rate per 100,000 
Year St. Louls- St. Louls- 
Minnesota Itasca Minnesota Itasca 
Residents County Residents County 
Miners Miners 
1960 328 5 11.0 37.6 
1051 ‘4 0.7 30.0 
1952 320 12 110 
1953 12.3 60.1 
1054 6 116 0.1 


* Adapted from data supplied by J. W. Brower, in a personal 
communication. 

Recent studies of Levin, Kraus, Goldberg, and Gerhardt 
also showed a positive relation of occupational exposure 
to iron dust and cancer of the lung. McLaughlin and 
Harding, who found in autopsies of 85 English foundry 
workers exposed to iron oxide 13 cases of lung cancer 
(15.3%), concluded that this evidence strongly suggests 
that there is an increased incidence of carcinoma of the 
bronchus in workers with iron and steel, 


evidence that large occupational population 
groups comprised of millions of workers 
have effective contact with potent carcino- 


Taste 23.—Environmental Lung Cancer Score Board 


Lung 
Laryna 
Nasal Sinus 


Arsenic Skin 
Asbestos xX 
Beryllium xX 
Chromium xX 
Nickel x 
Iron xX 
Radioactive substances x Skin, Bone, 
Hemat. tissue 
Conn. tissue 
oll* x x x 
Po! yeye te hydrocarbons 
Coal tar, soot, piteh x ) Skin 
Petroleum derivatives 
Ol) mist x x Skin 
Gasoline, Diesel engine 
exhaust x 
Gasoline epoxides 
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Taste 22.—Specific Worker Groups with Specific 


Respiratory Cancer Hazards 


Agent Worker Groups 


Arsenic Manufacturers, handlers, and users of ar- 
senical insecticides; arsenic smelter workers; 
taxidermists; sheep-dip workers; copper 
smelter workers 


Chromium Chromate manufacturers, Including plant 
maintenance workers, chreme pigment 
handlers 

Nickel Nickel-copper matte refinery workers 

Iron Iron ore (hematite) miners (7) 

Radioactive Radioactive ore (pitechblende) miners; min- 

substances ers of nonradioactive ores working in radio- 
active mines 

Isopropy| oil Isopropyl alcohol manufacturers 

Coal tar fumes Coke oven operators; gas-house retort 
workers 

Petroleum Paraffin pressers; mule spinners; metal lathe 

oll mists workers and drillers 
bestos — textile workers, brake-lining pro- 
ucers 


gens and that, for this reason, industrial 
agents are not only of potential causal signi- 
ficance in relation to industrial effluents act- 
ing upon the general population, but also of 
distinct importance in connection with spe- 
cific occupational exposures, operative in 
special worker groups (Table 22). 

The evidence upon the recognition of 
these agents as respiratory carcinogens is 
based on epidemiologic data, clinical and 
pathological information, and experimental 
observations (Table 23) (Hueper). 

Recent reports from Japan and Great 
Britain (Yamada, Hirose, and Miyanishi; 
Case and Lea) have provided strongly sug- 
gestive evidence concerning a carcinogenic 


a 
E 


Negative 
Lung 


Suggestive 


Occupational 
General 


Other Organs 


Bone 
Bone, conn. tissue 
Bone; conn. tissue 


X Bone; conn. tissue; 
— poretic tissue, 


RA RAK Conclusive 


? x ? Skin; Conn. tissue; etc. 
Skin; Conn. tissue 


? Skin 
? ? Skin 


* Isopropy! oil ts the crude liquor from which isopropy! alcohol is distilled. 
Aad 
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Taste 24—Latent Periods of Environmental 


Respiratory Cancers, in Months 
Cancer Site 
Nares and 
Lung Nasal Sinuses 
Average Range Average Range 
Latent of Latent Latent of Latent 
Period Period Period Period 
Asbestos 18 15-48 oe 
Chromates Lh 5-47 ev eo 
Nickel 22 6-30 ll 3-2 
Tar fumes 16 9-2 
Isopropy! oil . 10 616 
Tonizing radiation 25-35 7-50 19-32 


effect of 2-chlorodiethyl sulfide (mustard 
gas) on the lung and larynx when inhaled 
for occupational reasons or as the result of 
mustard-gas poisoning during World War 
I. The established or suspected carcinogenic 
action of cross-linking and polymerizing 
chemicals (asbestos, polypropylenes in iso- 
propyl oil, and 2-chlorodiethy! sulfide ) places 
the cancers produced by these agents into 
the category of “macromolecular” or “poly- 
mer cancers” (Hueper). Since many of the 
recently developed macromolecular polymers 
used as plastics, resins, adhesives, films, rub- 
bers, textiles, and plasma substitutes have 
elicited, when parenterally introduced into 
rats, malignant tumors of various types, it 
seems to be advisable to study working 
groups having respiratory contacts with 
dusts, mists, and fumes of these agents for 
possible carcinogenic effects of the lungs, 
larynx, nasal cavity, and paranasal sinuses. 
Another potential human carcinogen which 
during coming years may be shown to elicit 
cancer of the lung, as it has done in the rat, 
is beryllium or one of its compounds. Such 
events may be anticipated whenever an 
adequate latent or preparatory period has 
elapsed which usually precedes the appear- 
ance of occupational cancers of the respira- 


Conclusions 


1. The irregular epidemiologic pattern 
presented by the regional distribution and 
by the rise in frequency of lung cancers in 
different countries, states, provinces, and 
communities; the various frequency rates 
of these tumors in different socioeconomic 
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and occupational population groups; the 
higher frequency rates of pulmonary can- 
cers among residents of urban and industrial- 
ized areas than among those of rural areas; 
the start of the increase of lung cancer 
frequency during an era in which cigarette 
smoking was still uncommon; the demon- 
stration of some eight specific and potent 
respiratory carcinogens causing lung cancers 
among members of restricted occupational 
groups, and, possibly, exerting an identical 
effect upon members of much larger in- 
dustrial worker groups having contact with 
these agents, implicate certain industry-re- 
lated substances present as occupational and 
general environmental air pollutants in the 
causation of lung cancers and in its increased 
incidence during the last five decades, 

2. The data available on the suspected 
action of these agents are inadequate for 
making any reliable estimation of the rela- 
tive quantitative role which they may have 
played in this respect. However, the 
epidemiologic, clinical, pathologic, and ex- 
perimental evidence on hand is adequate for 
assigning to these agents a considerable part 
in these matters, since the distribution and 
growth pattern of industries associated with 
them exhibit a high degree of similarity to 
the regional and population distribution pat- 
tern of lung cancers and their male-female 
ratios as related to periods, regions, and 
population groups. 

3. These observations, considerations, and 
interpretations of a large mass of factual 
and circumstantial evidence obtained from 
various sources and collected from different 
viewpoints do not favor the concept that 
the great majority of lung cancers, partic- 
ularly those in men, are caused by excessive 
cigarette smoking. The epidemiologic evi- 
dence concerning this factor, on the other 
hand, is sufficiently impressive to attribute 
to cigarette smoking a definite, while less 
direct or indirect, role in the production and 
rise in frequency of cancers of the lung. 
This conclusion is also supported by the fact 
that cigarette tar proved to be a weak car- 
cinogen to the skin of mice in the hands of 
most investigators ; that cigarette tar, unlike 
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coal tar, does not elicit cancers of the human 
skin or lip; that cigarette smoking has no 
consistently positive statistical relation to 


cancers of the tongue and oral cavity, 


although the cigarette smoke has the most in- 
tense contact with the mucosa of these tis- 
sues, and that serious statistical inconsisten- 
cies and irregularities exist concerning 
regional cigarette consumption and degree 
of liability to lung cancer among exposed 
population groups. This assessment of the 
probable role of cigarette smoking in the 
lung cancer problem, however, in no way 
weakens the fact that excessive cigarette 
smoking is an unhealthy habit for this and 
other reasons, and therefore should be dis- 
couraged, 

4. The observation of lung cancer in per- 
sons having no appreciable exposure to ei- 
ther the known or the suspected industrial 
respiratory carcinogens or ¢igarette smoke 
suggests that, in all likelihood, other en- 
vironmental carcinogens of still unknown 
nature seem to act upon the pulmonary tis- 
sue, and that they may enter the human 
organism by other than the respiratory 
route, 

5. The etiologic panorama of lung can- 
cers has evidently many aspects, most of 
which have not adequately been explored for 
arriving at reliable quantitative estimates as 
to their relative role. The information on 
some restricted aspects, however, is sufficient 
for devising and instituting rational and 
effective preventive measures. 

Environmental Cancer Section, National Cancer 
Institute (14) 
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MAJOR DANIEL STOWENS (MC), U. S. Army 


Since the classic report of Cushing and 
Wolbach! on the apparent maturation of a 
neuroblastoma to a ganglioneuroma in 1927, 
the hypothesis that these tumors are essen- 
tially different manifestations of the same 
disease has received general acceptance.* The 
occurrence of tumors containing elements 
common to both neuroblastoma and gan- 
glioneuroma lends credence to this view. 
Translation of this schema into practicable 
terms implies that correlation is possible be- 
tween the histologic apearance of a tumor 
and its clinical course; i. e., the more matu- 
ration the tumor displays the more benign its 
course is likely to be. This appreach leads 
logically to the attempt to subdivide tumors 
arising from the sympathetic nervous system 
into various categories according to their 
cytologic characteristics. However, the bases 
for differentiation are largely subjective and 
the criteria by which the tumors in reported 
series are assigned to one 


category or 
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Tasie 2.—Dist 


Neuroblastoma and Related Tumors 


ribution of Tumors According to Primary Site and Age 


1.—Tumors of Sympathetic Nervous 
System Studied 


Total Follow-Up Completed 
Classification Cases No, 
Neuroblastoma 110 105 96 
Ganglioneuroma 109 85 78 
anglioneuroblast 7 16 v4 
Total 236 206, 87 


another are not consistent. This gives rise 
to difficulties in attempting a comparison of 
the results in with those of 
another.** 

In an effort to clarify the interrelations of 
the tumors of the sympathetic nervous 
system, a study of a large series of cases 

yas undertaken. The material was drawn 
from the files of the Armed Forces Insti- 
tute of Pathology. The classification and 
number of tumors of each type are presented 
in Table 1. 


one series 


Methods 


The microscopic slides on every case with the 
diagnosis of a tumor arising from the sympathetic 
nervous to 


histologic and cytologic criteria the tumors were 


system were examined. According 


Neuroblastoma Ganglioneuroma Ganglioneuroblastoma 
E =| 
3 s 
< = A < < 
0-1 15 4 as oo 2 
24 12 7 3 5 ne 1 1 ; 2 4 1 
59 1 2 3 1 oo eo 
10-14 1 1 1 2 1 3 jo 
15-19 2 34 2 7 1 
20-29 2 10 2 1 7 4 
30-49 1 7 2 2 1 
We 1 18 4 4 3 1 
Unknown eo 1 1 2 
Total 43 ay 4 4 33 2 4 15 2 il 2 2 
110 100 


* Neck (5), maxilla, humerus, ext. ear, hang, temporal region, mandible, shoulder, unknown, 2. 


+ Neck (6), prostate, chest wall (2), thigh, sacral nerve, elbow, cranial nerve, appendix, bladder. 


t Neck (2). 
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Fig. 1.—Neuroblastoma. The predominant cell 


‘2 ry © Nig type is the neuroblast. AFIP Acc. 719003. Hema- 


Ss toxylin-eosin stain; reduced to 80% of mag. 
440. 


NEUROBLASTOMA GANGLIONEUROMA 


1 Year 42 0 
2 Year 52 0 
4 Year 67 4 
9 Year 74 9 
78 


Neuroblastoma 


Percent of Total Cases 


Ganglioneuroma 


Ace Groups 
Graph 1 
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Fig. 2.—Neuroblastoma. Rosette. These are 
found in about 15% of neuroblastomas. AFIP 
Acc. 489139. Hematoxylin-eosin stain; reduced 
to 80% of mag. 650. 


Primary Site of Lesions, Percentages 


NEUROBLASTOMA GANGLIONEUROMA 


Retroperitoneal 


Mediastinum 12 38 
Other 12 14 


Adrenal 
Retroperitoneal * 
Mediastinum oc 
Other 4 


Petcenr oF Terns <Asés 
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Graph 2 
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divided into three groups: neuroblastoma, gan- 


glioneuroblastoma, and ganglioneuroma, Only after 
this was accomplished were the clinical records 
consulted clinicopathologic correlations at- 
tempted. In all instances the preparations were 
stained with hematoxylin and eosin. Various 
special stains (i. Masson trichrome stain, 
Bodian silver technique, phosphotungstic acid- 
hematoxylin) were found to add little information. 
The distribution of tumors of the various types 
according to age and primary site is given in 
Table 2 


Criteria of Classification 


Neuroblastoma, — Gross  CHARACTERIS- 
rics: The tumors varied in size, the primary 
rarely being almost microscopic, but usually 
clinically discernible. Ninety per cent of the 
lesions in this series had no capsule. Typi- 
cally, the tumor was soft and sometimes 
friable. Hemorrhage and necrosis were evi- 
dent grossly in 55%. The color was most 
frequently gray but appeared darker in 
those tumors with considerable hemorrhage. 

Hisrotocic CHaracrertstics: The pre- 
dominant cell type is the neuroblast (lig. 
1). This cell is small, 10p to 15 in diame- 
ter, with a large nucleus and little cytoplasm. 
The chromatin material is dense and the 
intranuclear details obscure. Variations are 
common, and tendencies toward definitive 
differentiation may be seen; i. ¢., the cyto- 
plasm may form fibrillary structures quite 
similar to neurofibrils. The tumors have a 
varied architectural pattern, but most consist 
of sheets of cells spreading uninterruptedly 
in all directions. There is usually little 
stroma. Rosettes (lig. 2) were found in 
15% of the tumors. In tumors which had 
undergone some degree of necrosis (30% 
of this series) the cells nearest the fibrous 
septa and vessels were best preserved. This 
tended to give such tumors an organoid 
appearance, 

Ganglioneuroma,—Gross CHARACTERIS 
vics: The tumors vary in size but are 
always encapsulated and firm and on cut 
surface have a pearly-gray color. Calecifi- 
cation was evident macroscopically in 23% 

Hisrotocie CHaracteristics: The ma- 
ture ganglion cell is the hallmark of this 
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Fig. 3.- The mature 
cell is the hallmark of this tumor. AFIP Acc. 
134672. Hematoxylin-eosin stain; reduced to 80% 
of mag. 175 


tumor (Fig. 3). Such cells occur in varying 
numbers and may be seattered — singly 
throughout the tumor or arranged in clumps. 
The stroma is abundant and dense and may 
contain stainable neurofibrils, as well as 
collagenous fibers. The stroma may show 
considerable variation in pattern, and in this 
series arrangements reminiscent of neurofi- 
broma and neurilemmoma were seen. It 
seems probable that such tumors may arise 
from sympathetic, as well as other peri- 
pheral nerves. 

Ganglioneuroblastoma. Generalizations 
about tumors of this type cannot be made, 
for in both histologic and gross characteris- 
tics they combine, in varying degree, the 
characteristics of the neuroblastoma and the 
ganglioneuroma, The cells in any one tumor 
may all be of the same type or may vary 
from mature ganglion cells to neuroblasts. 
Frequently the predominant cell is one 
clearly related to a ganglion cell but showing 
eccentricities of the nucleus, great density 
of chromatin material, and diminution in the 
amount of cytoplasm (Fig. 4). Several 
tumors aprvared to be predominantly 
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NEUROBLASTOMA AND RELATED TUMORS 


Fig. 4.—Ganglioneuroblastoma. ‘The predominant 
cell is the abnormal ganglion cell. AFIP Acc. 
315261. Hematoxylin-eosin stain; reduced to 80% 
of mag. X 44). 


ganglioneuroma in one portion and _ pre- 
dominantly neuroblastoma in another, al- 
though more frequently the two types of 
cells were intermingled (Fig. 5). An at- 
tempt to differentiate tumors of this group 
into those showing more and less differ- 
entiation proved fruitless because of the 
lack of clear-cut distinctions, and, later, be- 
cause no correlation with clinical 
could be found in the subgroups. 


course 


Symptomatology 


Neuroblastoma and Ganglioneuroblas- 
toma.—-The symptoms manifested by pa- 
tients with neuroblastoma and _ ganglio- 
neuroblastoma were essentially alike. They 
were, in decreasing order of frequency, 
according to systems, gastrointestinal (in- 
cluding palpable abdominal mass), 49%; res- 
piratory, 20% ; skeletomuscular, 20% ; hemic 
(including weakness due to anemia, malaise, 
etc.), 20%; skin (palpable mass), 8%; 
urinary (hematuria or flank pain), 2%. 
Only 8% of the patients had no symptoms, 
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Fig. 5.—Ganglioneuroblastoma. A mixture of 
abnormal ganglion ceils and neuroblasts is seen. 
AFIP Acc, 522785. Hematoxylin-eosin stain; re- 
duced to 80% of mag. * 260. 


and the tumor was discovered on routine 
physical or x-ray examination, 
Ganglioneuroma.—Of the patients with 
ganglioneuroma, only 40% had symptoms 
referable to the tumor. Almost all of these 
were respiratory and occurred in patients 
with mediastinal neoplasms. In general, the 
abdominal ganglioneuromas were found 
either on routine physical or on roentgen 
examination, or incidentally at autopsy. The 
only other symptoms manifested by the 
patients in this group were of a local nature, 
resulting from pressure caused by the tumor. 


Clinical Course 


All of the tumors in 
There were no 
metastases, and only one death was attributa- 
ble to the tumor itself. 


Ganglioneuroma. 
this group were benign. 


This occurred in a 
patient 54 years of age. The tumor arose 
from one of the cranial nerves at the base 
of the skull and proved to be inexcisable. 
The patient died of the mechanical side- 
effects of pressure. Two patients had von 


455 


= 


Recklinghausen’s disease, and several of 
their tumors proved to be ganglioneuromas. 

Neuroblastoma.—Of the 105 patients on 
whom complete information is available, 14 
(13%) have survived for 18 months or 
longer. The over-all survival rate is mis- 
leading, however, for if the series is divided 
according to the age of the patient, it is 
seen that all of the survivors were less than 
4 years of age and all but one were in the 
first year of life. The precentage of sur- 
vivors in the first year is 29% ; in the two- 
to four-year age range, 49%, and in the older 
age group, 0 (Table 3). The average time 
of survival in those patients who succumbed 
to the disease was 11 months. Seventy-one 
per cent of the patients died within the first 
year and only 3% of those who eventually 
lied of the disease survived for more than 
three years. Metastases occurred to the fol- 
lowing sites, in decreasing order of fre- 
quency: liver, 65%; regional lymphatics, 
60% ; lungs, 60% ; skeleton (not including 
bone marrow or skull), 50%; gastroin- 
testinal tract, 436¢ ; adrenal, 31% ; bone mar- 
row, 23% ; skull, 23% ; kidney, 19% ; orbit, 
17% ; lower genitourinary tract, 139%. Only 


Taste 3.—Distribution of Patients* with 
Neuroblastoma and Ganglioneuroblastoma 
According to Age, Number, and 

Per Cent of Survwors 


Survivorst 
Age, Yr. Completed No, % 
Neuroblastoma 
o—1 45 13 29 (33) 
27 1 4 
5-9 7 0 0 
w— 4 4 0 0 
ib — 19 5 0 0 
w+ 0 0 
Total 105 3 
Ganglioneuroblastuma 
O—1 4 2 50 
5 2 40 
5— 2 0 0 
2 + § 1 2 
Total 16 54 3 


* Patients with complete data. 

t Survivors: Patients living at least 18 months without evi- 
dence of recurrence and/or metastases. 

t Five of the tumors occurred in newborn or stillborn infants 
dying of causes other than tumor. If these are eliminated from 
the total number, the percentage of survival is as indicated in 
parentheses. 

4 Three additional patients have survived 18 months or longer 
but have had recurrence and spread of their disease. The values 
shown are projected to exclude them. 
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nine patients (8%) had no recorded 
metastases, and four of these were stillborn 
or newborn infants. 

Ganglioneuroblastoma.—Complete — data 
are available on 16 of the 17 patients with 
tumors of this type (Table 3). At the last 
report, eight of the patients were alive 
(50%) but three of the survivors had 
evidence of metastasis. The projected sur- 
vival rate is, therefore, 31%. The course of 
the disease in the fatal cases was slower than 
in the fatal cases of neuroblastoma, 22 
months on the average elapsing between the 
time of diagnosis and death. The metastases 
generally showed the same distribution as 
those of the neuroblastoma. 


Comment 


Light of the fourteen surviving patients 
with neuroblastoma had essentially identical 
histories. All were under one year of age 
and were asymptomatic. Abdominal masses 
were palpated on routine physical examina- 
tion, and operation was performed. In all 
cases the tumor was described as retroperi- 
toneal, arising from a point between the 
kidney and the adrenal but not involving 
either of those organs. All tumors were be- 
lieved to be encapsulated, and in five in- 
stances a fibrous connection to the pelvis of 
the kidney was described. Total removal 
was easily accomplished, and the patients 
have remained free of disease for periods 
of from 26 months to 8 years. The patient 
surviving the longest had a tumor of the 
external auditory canal. He has been foi- 
lowed for 18 years, with no evidence of 
recurrence, 

Two of the patients less than one year of 
age had posterior mediastinal tumors, both 
masses being described as encapsulated. 
One of these tumors showed direct anatomic 
continuity with a sympathetic nerve; the 
other did not. Two patients, both asympto- 
matic, had tumors arising within the adrenal, 
producing a palpable abdominal mass. One 
of these patients was believed to have hepatic 
metastases at the time of operation and was 
given postoperative roentgen therapy. He 
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is alive and well, 26 months later. The 
remaining survivor was 10 months of age 
when a mass was palpated in the scalp. 
This was excised and a diagnosis of 
metastatic neuroblastoma was made. An 
exploratory laparotomy was performed, and 
a tumor was found in the left adrenal. She 
has followed 30 months, without a 
recurrence of the disease. 

It was noted, in reviewing the records of 
these patients, that 10 of the 14 survivors 
had a tumor described as encapsulated both 
by the surgeon and by the pathologist. In 
the fatal cases only two of the primary 
tumors were so described. The attachment 
of the tumor to the pelvis of the kidney 
noted in five of these patients was not 
described in any of the fatal cases. It is of 
interest that almost all these patients were 
asymptomatic and that the disease was dis- 
covered during the course of an examination 
for other purposes. All the patients who 
failed to survive showed definite symptoms 
or signs. 

A review of the data from the patients 
with ganglioneuroblastomas showed that the 
preoperative clinical course and the gross or 


been 


microscopic appearance of the tumor were 
essentially the same in all tumors whether 
benign or fatal. An attempt to correlate 
the histologic characteristics of the tumor 
with the clinical course of the patient proved 
a total failure. Some of the survivors had 
tumors which appeared to be highly malig- 
nant, whereas succumbed had 
tumors appeared to be 
benign. 

In order to determine the relation of the 
neuroblastoma to the ganglioneuroma, the 
data were analyzed from two additional 
aspects: the site of occurrence of the pri- 
mary tumor and the age of the patient. 
These data are presented in Graphs 1 and 
2. In Graph 1, constructed from data in 
Table 3, the values represent the cumulative 
percentages of tumors occurring at the in- 
dicated ages. It is seen that neuroblastoma 
is primarily a disease of early childhood 
(approximately 70° of the cases occur in 
the first four of life), 


some who 


which relatively 


years whereas 
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ganglioneuroma 1s predominantly a disease 
of adult life. No ganglioneuroma was found 
in patients less than 4 years of age. Were 
the ganglioneuroma and neuroblastoma dif- 
ferent by virtue of differences in rate of 
growth, it would be necessary to postulate 
a difference in such growth rates of 81 years 
(according to the ages of the patients in this 
series ). 

Were the two tumors merely different 
manifestations of the same disease, they 
should occur at various sites with the same 
frequency. Graph 2 presents the actual per 
centages of occurrence of the neuroblastoma 
and the ganglioneuroma at specific sites. 
Although there is considerable overlapping, 
there is also a significant difference in the 
for the the 
commonest sites. 


values rate of occurrence at 

From the differences in anatomic charac- 
teristics, clinical behavior, and the ages and 
sites at which the tumors occur, it is be- 
lieved that the neuroblastoma and ganglio- 
neuroma are essentially different diseases 
of the same system, rather than different 
manifestations of the same disease. 

The neuroblastomas as a group present a 
paradox. It is certain that some of these 
tumors are congenital in origin. Histo- 
logically identical tumors occur at any age, 
however, and if the postulate of the con- 
genital origin of neuroblastoma is. strictly 
maintained, it is necessary to assume that 
the tumors lie dormant for prolonged periods 
of time or have vastly different growth 
rates. Neither of these assumptions seems 
probable. 

A second difference in the neuroblastomas 
occurring in the various age groups was 
discovered when the site of occurrence of 
the primary tumor was considered in re- 
lation to the age of the patient. Whereas 
the adrenal was the site of the neuroblastoma 
in 51% of the patients under the age of 3 
years, it was the primary site in 35% of 
the patients in the 3- to 14-year age group 
and in only 13% of the adult patients. 

It would appear from these data that the 
tumors classified on histologic grounds as 


neuroblastoma actually comprise two groups. 
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The first is a tumor of congenital origin and 
probably results from the disruption of the 
normal embryogenesis of the sympathetic 
nervous system, This congenital tumor oc- 
curs within the first few years of life, is 
amenable to surgical treatment in about 30% 
of the patients, and may even undergo spon- 
taneous regression. The second type of 
tumor probably results from malignant de- 
generation of fully mature elements of the 
sympathetic nervous system, and would 
more properly be designated neuroblastic 
sarcoma, The frequency of occurrence of 
this tumor is the same throughout the life 
span for all age groups. It is always fatal. 

The problem is somewhat clouded by the 
occurrence of the tumors designated gan- 
glioneuroblastoma. Histologically these 
neoplasms bridge the gap between the 
neuroblastoma and the normal sympathetic 
nervous system, but the bridge is merely 
apparent. Theoretically, it is possible that 
tumors incorporating features common to 
normal tissue and neuroblastoma may arise 
in two ways. First, in the course of 
malignant degeneration of tissues of the 
sympathetic nervous system some resem- 
blance to the parent tissue may be retained, 
or, second, in the case of the congenital 
neuroblastoma, the tissue may attempt 
definitive differentiation despite its disturbed 
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development. in order to differentiate this 
process from the malignant degeneration oc- 
curring in mature tissue, it is suggested that 
such partial differentiation be called “pseudo- 
differential embryogenesis.” 

The difficulty in establishing clinicopathol- 
ogic correlation for ganglioneuroblastomas 
is believed to arise from the dual origin of 
such tumors and the differenc:s in the be- 
havior of the parent tumor type. Although 
a prognosis cannot be made in any individual 
case, as a group these tumors are less 
malignant than neuroblastomas. 

This theoretical schema of the origin of 
tumors of the sympathetic nervous system 
is presented in Figure 6. The “benign 
neural crest rests” indicated in the chart 
are composed of cells which  appar- 
ently are neuroblasts. They occur primarily 
in the dermis; and, although — they 
can usually be identified by the greater 
amount of stroma, their organized appear- 
ance, and the absence of signs of active 
growth, they may be confused with meta- 
static lesions Most of these lesions have 
been seen in children and have been re- 
moved for cosmetic or prophylactic reasons. 
One has been seen in a woman 34 years of 
age. 

The question of whether or not benign 
ganglioneuromas ever undergo malignant 


MALIGNANT 


GANGLIONEUROBLASTOMA 


PSEUDODIF FERENTIAL 
EMBRYOGENESIS 


NEUROBLASTOMA 


Fig. 6.—Schema for origins of tumors of the sympathetic nervous system. 
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degeneration must remain unanswered. | 

can only state that in my experience | have 

never seen this occur. 
That there is any 


difference between 


“malignant degeneration” and “pseudodif- 
ferential embryogenesis” cannot be proved. 


It is true that they may be the same process 
with only apparent differences arising be- 
cause of the stage of development of the 
affected tissues. Yet, because of the real 
differences in the biologic behavior of the 
resultant tumors, a differentiation appears 
justifiable, at least at the present stage of 
knowledge. 


Conclusions 


The tumors of the sympathetic nervous 
system may be divided into four groups: 
congenital neuroblastoma, neuroblastic sar- 
coma, ganglioneuroblastoma, and ganglioneu- 
roma. The congenital neuroblastoma and 
the neuroblastic sarcoma are indistinguish- 
able anatomically but must be separated be- 
cause of differences in their 
behavior, The congenital neuroblastoma 
probably always occurs within the first six 
years of life and is fatal in 70% of the cases. 
The neuroblastic sarcoma occurs with ran- 
dom frequency throughout life and is in- 
variably fatal. The ganglioneuroma is a 
benign tumor of mature tissue. It occurs 
mainly in the adult age group. The gan- 


biologic 


glioneuroblastoma is a tumor which com 
bines features of both normal ganglionic 
tissue and neuroblastoma. It is essentially 


only a histologic designation rather than a 


distinct entny, for it is probably a mani- 
either a degree of 
malignant degeneration of a neurogenic sar- 


festation of lower 
coma or a partial degree of differentiation 
of a tecause of the dif- 
ference in prognosis in this group (69% 
are fatal) and that of the congenital neuro- 
blastoma and neuroblastic sarcoma, the gan- 


neuroblastoma. 


glioneuroblastoma is treated as a separate 
entity. 

Miss Ethel Hicks gave invaluable assistance in 
the compilation and statistical analysis of the data 
this report 


on which is based 


Armed Forces Institute of Pathology, 6825 16th 
St. N. W. (25). 
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Arteriosclerosis in the Baboon 


Naturally Occurring Lesions in the A orta and Coronary and Iliac Arteries 


STUART LINDSAY, M.D., San Francisco, and |. L. CHAIKOFF, M.D., Berkeley, Calif. 


often associated with 
vascular lipid infiltration, is common in 
many mammatian species. This degenerative 
process has been rarely described, however, 
in subhuman primates, either as a naturally 
occurring disease or as a lesion produced by 
experimental means. 

Fox! studied cardiovascular 
from 796 primates. No arteriosclerotic le- 
sions were observed in higher apes (chim- 
panzees, orangs, and gibbons) or in lemurs, 
and the disease was present in only 8 of 693 
New and Old World monkeys. In_ these 
eight monkeys, superficial atheromatous 
patches in the sinuses of Valsalva and in 
the thoracic aorta were found. The abdom- 
inal rarely. Earlier 
lesions consisted of thickening of subendo- 
thelial fibrils and inconspicuous elastic fibers 
with lipid droplets between them. In more 
advanced lesions, the thickened intima was 
hyalinized and contained a few elastic fibrils 
and calcific granules. 


Arteriosclerosis 


specimens 


aorta was involved 


The internal elastic 
membrane was split and frayed. A single 
baboon examined by Fox! had an ather- 
omatous protrusion at the right coronary 
arterial orifice. 

In an extensive study of a male gorilla, 
Steiner arteriosclerosis of 
myocardial, cerebral, and celiac arteries and 
of the aorta. The smaller vessels were thick- 
ened by hyaline fibrosis, which was associ- 
ated with degeneration of the internal elastic 
membrane, 


encountered 


Intimal lesions of the aorta, not 
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visible grossly, were chiefly fibrous and did 
not contain lipid. 

Accounts of primate arteriosclerosis in- 
duced experimentally are as few as those 
describing naturally occurring vascular le- 
Kawamura * failed to find arterio- 
sclerosis in rhesus monkeys fed cholesterol 
for as long as 10 months. Although Sperry 
and co-workers * did induce mild hypercho- 
lesteremia in rhesus monkeys by cholesterol 
feeding or by thyroidectomy, arterial lesions 
were not these animals. 
Hueper ° was also unsuccessful in producing 
arteriosclerosis in young rhesus monkeys by 
feeding cholesterol. 

Significant studies in the pathogenesis of 
arteriosclerosis were reported by Rinehart 
and Greenberg,®:* who found arteriosclerosis 
of the aorta and other arteries of rhesus 
monkeys subjected to prolonged pyridoxine 
deficiency. The lesions were characterized 
by deposits of mucinous material in the 
intima and later by cellular proliferation and 
formation of collagenous and elastic fibers 
in the intimal layer. Lipid infiltration of the 
intima was not a prominent feature of the 
disease and was observed only in the deeper 
layers of older sclerotic intimal lesions. The 
lesions induced by pyrodoxine deficiency 
closely resembled those of human arterio- 
sclerosis and were quite similar to lesions 
observed in a number of avian and mamma- 
lian species. 

The most recent contribution to the ex- 
perimental study of primate arteriosclerosis 
is that of Mann and co-workers,* who de- 
scribed arterial disease in cebus monkeys 
fed diets high in cholesterol and low in 
sulfur amino acids. Vascular lesions were 
observed throughout the aorta, but were 
minimal in the coronary arteries. The ar- 
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terial disease was characterized mainly by 
intimal collections of foam cells containing 
free and esterified cholesterol and neutral 
fat. Increased amounts of ground substance 
or metachromasia were not observed. 

The present report deals with naturally 
occurring arteriosclerosis in another primate 
species, the Doguera baboon (Papio anu- 
bis). The lesions in the aorta and coronary 
and iliac arteries bear a close resemblance 
to degenerative arterial lesions of other 
mammalian species, including man. Lipid 
infiltration of the intima lesions, like that of 
other species, is minimal and is clearly a 
secondary phenomenon. 


Materials and Methods 


This report is based upon the examination of 
the hearts, aortas, and iliac arteries of two male 
Doguera baboons, each about 20 years of age. 
These animals had lived continuously in the San 
Diego Zoo and had been fed a diet of seasonal 
vegetables and fruits (lettuce, carrots, potatoes, 
oranges, bananas, apples, grapes, watermelon) and 
bread. 

The tissues were submitted for examination 
following fixation in 10% formaldehyde solution 
U. S. P. After gross inspection, blocks of tissue 
were removed from the ventricular walls, the 
major coronary arteries, and several sites in the 
thoracic and abdominal aortas and common iliac 
arteries. 

Contiguous frozen sections from each block 
were stained with (1) Sudan IV and hematoxylin 
and (2) Nile blue (Nile blue sulfate). An un- 
stained frozen section was used for examination 
with polarized light. These blocks were tien em- 
bedded in paraffin, and contiguous sections were 
treated with hematoxylin and eosin stain, Laid- 
law’s connective tissue stain, the Weigert-Van 
Gieson stain, and colloidal iron-Prussian blue 
(Ferric Ferrocyanide) stain. 


Gross Description 


Heart.—No abnormalities of the pericar- 
dial, myocardial, or endocardial layers were 
observed in the heart of either animal. The 
major coronary arteries had thin, pliable 
walls, and gross evidence of disease was not 
observed. The valvular cusps were thin and 
filmy, and lipid or fibrous lesions were 
absent. 
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Thoracic Aorta. — Mild, diffuse intimal 
thickening, appearing gray and fibrous, was 
present on the convex surface at the apex 
of the thoracic arch of one animal. Near 
the site of the closed ductus arteriosus and 
below the apex of the arch, in the second 
animal, were several 0.5 mm. white, fibrous 
plaques, usually lying adjacent to vascular 
openings; slightly larger, round, fibrous 
plaques lay near the opening of the celiac 
axis. In the first animal there were multiple 
slightly elevated, linear yellow streaks in 
the intima of the thoracic arota. These 
plaques lay below the openings of the major- 
ity of the first seven intercostal arteries and 
averaged 0.53 mm. in diameter. 

Abdominal Aorta.—I\n the second animal 
there were numerous white, fibrous plaques 
in the aortic intima. These averaged 1 to 2 
mm. in diameter and appeared as coalescing 
groups or elongated streaks, involving much 
of the circumference of the abdominal aortic 
wall. 

Common Iliae Arteries.—The second ani- 
mal had larger and more numerous similar 
plaques in the common iliac arteries. The 
majority were pale white and fibrous, but 
several were distinctly lemon yellow, 


Microscopic Description 


M yocardium.—The left ventricular wall 
of both baboons showed extensive disease, 
Lymphocytes and large mononuclear cells 
infiltrated the pericardial fat, and there was 
early minimal fibroblastic proliferation. The 
lumen of one small pericardial coronary ar- 
tery contained a hyaline thrombus, which 
was covered on one surface by hypertro- 
phied endothelial cells. The wall of this 
vessel was not otherwise altered. Extensive 
fibrosis replaced large segments of the myo- 
cardial layer, especially near the pericardium 
and endocardium. The connective tissue was 
loosely arranged, vascular, and mildly in- 
filtrated with lymphocytes (Fig. 1). 
Atrophic myocardial fibers were isolated by 
the connective tissue. The remaining myo- 
cardial fibers and their nuclei showed 
pronounced hypertrophy. Focal degenera- 
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hig 2 Major coro 
nary artery. The internal 
elastic membrane is se 


verely fragmented. The 
adjacent dark substance 
is mucopolysaccharide 
Colloidal iron-Prussian 
blue stain; reduced to 
90% of mag. * 600 


Fig. 1.—Left ven- 
tricular myocardium. Fi- 
brous tissue infiltrated 
with lymphocytes replac- 
ing myocardial fibers. 
The residual fibers are 
hypertrophied. Hema- 
toxylin and eosin stain; 
reduced to 90% of mag. 


Fig. 3.—Major_ coro- 
nary artery. The thick- 
ened intima contains both 
fragmented regen- 
erated elastic fibers. 
Weigert-Van Gieson 
stain; reduced to 90% of 
mag. > 200. 
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Fig. 4.—Major coro- 
nary artery. The intima 
consists of amorphous 
substance. Note the gran- 
ular and broken internal 
elastic membrane. No 
lipid is present. Sudan 
1V-hematoxylin stain ; 
reduced to 90% of mag. 
200. 


tion of myocardial fibers; infiltration by 
lymphocytes, polymorphonuclear leukocytes, 
fibroblasts, 
were observed in much of the myocardial 


and and perivascular fibrosis 


layer. Inflammatory and denegerative le- 
sions were absent in the wall of the right 
No the 


arterial or vessels 


abnormalities of small 


venous 


ventricle. 
coronary were 
noted. 

Coronary Arteries 


In normal coronary 
arteries, the endothelium lay close to the 
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Fig. 5—Major coro- 
nary artery. The intimal 
plaque contains many 
coarse elastic fibers. 
Weigert-Van Gieson 
stain; reduced to 90% of 
mag. < 200. 


wavy internal elastic membrane, which was 
covered on both surfaces by a thin layer of 
mucopolysaccharide substance. The earliest 
evidence of disease appeared as fragmented 
segments of the internal elastic membrane, 
which were surrounded by increased accu- 
mulations of mucoid material. These frag 
mented segments were swollen, granular, 
and less distinctly refractile than the normal 
internal elastic membrane (Fig. 2). Some 
fragments had been replaced and redupli- 
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cated by one or more newly formed elastic 
layers (big. 3). 

As the coronary disease advanced, eccen- 
tric or concentric thickening of the intima 
occurred, The thickened intima consisted 
of granular, amorphous eosinophilic sub- 
stance, containing a few cells resembling 
endothelium and often having abundant 
clear cytoplasm (Fig. 4). In some areas of 
the thickened intima the cells were smaller 
and had smaller compact nuclei. The cellular 
arrangement was cither vertical or parallel 
to the endothelial vascular lining. The thick- 
ened intima contained delicate elastic, 
reticulum, and collagenous and mucopoly- 
saccharide fibers, which appeared first im- 
mediately adjacent to the intimal cells and 
presumably were derived from their cyto- 
plasm. As intimal thickening progressed, 
the fibrils became more abundant and 
coarser ( Pig. 5). The elastic tissue fibers 
assumed an undulating pattern that resem- 
bled closely the original internal elastic 
membrane. The newly formed, regenerated 
elastic fibers also showed points of fragmen- 
tation. 

In the mildly thickened intima of a major 
coronary artery of one animal no lipid ma- 
terial was demonstrable (Fig. 4). Where 
intimal thickening was more pronounced, 
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Fig. 6.—Major coro- 
nary artery. The intima 
is not widened, but coa- 
lescing lipid particles in- 
filtrate the subendothelial 
layer near the internal 
elastic membrane. Sudan 
[V-hematoxylin stain; 
reduced to 90% of mag. 
« 200 


finely divided lipid material, staining with 
Sudan IV, was present in small amounts 
scattered in the intercellular substance. In 
some areas fine lipid droplets were concen- 
trated in and about the fragmented segments 
of the internal elastic membrane and in the 
adjacent mucopolysaccharide material (Fig. 
6). The lipid stained pale violet with Nile 
blue, but none was refractile when examined 
with polarized light. 

Thoracic Aorta.—Segments of the intima 
were mildly thickened and consisted of 
eosinophilic fibrils and scattered, irreguiarly 
arranged cells resembling endothelial cells 
or fibroblasts. Reticulum, collagenous, elas- 
tic, and mucopolysaccharide fibers in the 
mildly thickened intima were extremely 
delicate and were most numerous next to 
the intima cells. Very small amounts of 
finely divided lipid substance were found 
in the slightly thickened intima segments, 
and this lipid was distributed along the wavy 
elastic fibers in the intima. However, in 
some segments of the thoracic aorta, where 
no intimal thickening was present, similar 
lipid deposits were seen along the superficial 
elastic fibers adjacent to the endothelium. 
In areas where intimal thickening was more 
pronounced, no lipid was present in the 
intimal layer, but a few intercellular droplets 
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Fig. 7—Lower thoracic 
aorta. The intimal plaque 
consists of mucoid con- 
nective tissue containing 
elastic fibrils. Weigert- 
Van Gieson stain; re- 
duced to 90% of mag. 
200. 


were observed in the media beneath. These 
early deposits of lipid stained dark violet 
with Nile blue, but none appeared refractile 
with polarized light. 

Other thoracic aorta lesions were more 
extensive and involved at least half the cir- 
cumference of the thoracic aorta. The thick- 
est portions of the intima formed large 
plaques, composed of connective tissue fibers 
and cells (Fig. 7). As a rule, these plaques 
showed distinct layering. The central por- 
tions of the plaques tended to be loosely 


~ 
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a, 


arranged, whereas the superficial and deep 
parts were more compact. The superficial 
layers usually displayed an irregular ar- 
rangement of the cells and fibers, whereas 
in the deeper segments the cells and fibers 
were arranged vertically. 

These intimal plaques contained slender 
reticulum and collagenous fibers, and in 
some plaques 
somewhat 


mucopolysaccharide fibers 
more numerous, All this 
fibrillary substance tended to be concen- 
trated about the intimal 


were 


connective tissue 


Fig. 8.—Lower thoracic 
aorta. Lipid infiltrates 
the deeper portions of the 
intima. Fine lipid drop- 
lets are applied to the 
intimal elastic fibers. 
Sudan iV-hematoxylin 
stain; reduced to 90% ot 
mag. 200. 
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cells. Usually the intimal plaques contained 
abundant elastic tissue, which appeared as 
undulating bundles lying parallel to the en- 
dothelial surface. These elastic fibers were 
often more numerous in the deeper and 
more compact segments of the intimal 
plaques. Although resembling normal wavy 
elastic fibers, these newly formed fibers 
consisted of bundles of delicate elastic fibrils 
and were not refractile. 

The larger plaques contained moderate 
amounts of lipid material, appearing most 


Fig. 10.— Thoracic 
aorta. Refractile crystal 
line deposit in midportion 
of intima. Polarized 
light: reduced to 90% 
ot mag. 100 
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abundantly in the deeper, more compact seg- 
ments of the plaques, and for the most part 
this lipid was closely applied as fine droplets 
to the elastic fibers (Vig. 8). In the super- 
ficial portions of the plaques, where the cells 
were large and had greater amounts of cyto- 
plasm, larger, coalescing lipid droplets filled 
the cytoplasm (Fig. 9). This lipid material, 
as a rule, stained blue to violet with Nile 
blue. In the midportion of one plaque, 
groups of refractile, elongated, needleshaped 
crystals were seen with polarized light (Fig. 


Fig. 9.—Thoracic 
aorta. Larger, coalescing 
lipid droplets fill the cy- 
toplasm of the intimai 
connective tissue cells. 
Sudan 1IV-hematoxylin 
stain; reduced to 90% of 


mag. 200. 
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10). After gentle heating and pressure, 
these assumed a pattern, 
characteristic of cholesterol or its esters.® 


Maltese-cross 


Abdominal Aorta.—Most of the circum- 
ference of the abdominal aorta displayed 
pronounced intimal thickening, especially on 
the posterior wall. Where the intimal widen- 
ing was severest, distinct layering was noted 
(Fig. 11). 
were compact and composed of irregularly 
arranged connective tissue cells and fibers. 
Usually the superficial portions appeared 
fibrillary and mucoid and contained fine, 
wavy fibers, lying near and parallel to the 
endothelial surface (Vig. 11). Here the 
cells were fewer, but were usually strikingly 
vacuolated. The internal elastic membrane 
beneath the thickened intima showed many 
points of fragmentation. Often the intimal 


The deeper intimal segments 


connective tissue was extruded through these 
defects into the medial layer beneath. Bridg- 
ing of some defects with reduplicated seg- 
ments of membrane 
areas. The abnormal 

abundant meshwork 
reticulum, and 
collagenous fibers, mainly localized about 
the connective tissue and in the 
deeper, compact segments of the 
thickened intimal layer. Many newly formed 


internal elastic was 
observed in 


intima 


many 
contained an 


of mucopolysaccharide, 


cells 
more 
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elastic fibrils appeared in layers, lying par- 
allel to the endothelial surface. Elastic tis- 
sue appeared even in areas of minimal 
intimal thickening in the abdominal aorta, 
The elastic fibers were fibrillar, granular, 
and, where best developed, resembled the 
internal elastic membrane but were not hy- 
aline or refractile. Usually, a layer of this 
substance lay the endothelium, 
separated from the remainder of the intimal 
elastic tissue by the superficial mucoid por- 
tion of the intimal plaque (Fig. 11). 


beneath 


The intimal plaques contained moderate 
amounts of very finely divided lipid material, 
mostly applied to the elastic tissue fibers. 
This lipid was concentrated in the deeper 
portions of the plaques, where the elastic 
fibers most numerous (Vig. 12). 
Larger, coalescing lipid droplets were pres- 
ent in the cytoplasm of the fibrocytes, 
although some larger droplets were extracel- 
lular. This lipid stained dark blue to dark 
violet with Nile blue but did not appear as 
refractile substance when viewed with polar- 
ized light. 


were 


In one animal 
intimal disease in these arteries was severer 
than in the aorta and consisted of intimal 


Common Iliac Arteries 


thickening involving the entire circumfer- 
ence of the vessels. Most of the intima con- 


Fig. 11 Abdominal 

The intima 
mainly of 
connective 


aorta, con 
mucoid 

Note 
layers of elastic tissue in 
deeper portion of the in- 
tima. Weigert-V an Gieson 
stain; reduced to 90% 
200 


sists 


tissue. 


of mag 


re 
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Fig. 12 Abdominal 
aorta. The intimal lipid 
infiltration is localized to 
the elastic fibers. Sudan 
1V-hematoxylin stain; re 
duced to 90% of mag 
200 


sisted of loosely arranged mucoid tissue, 
containing irregularly arranged fibrocytes 
and fibrils (Fig, 13). Where the thickening 
was greatest, the superficial portions tended 
to be more condensed and at times hyalin- 
ized, whereas the deeper segments of the 
thickened intima were generally mucoid or 
fibrillary. Some of the superficial intimal 
cells and adjacent endothelial cells had vesic- 
ular cytoplasm. 

There was a rich network of fine 
mucopolysaccharide and reticulum fibers in 
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the thickened intima, most numerous around 
the cells. Their arrangement was either 
perpendicular or parallel to the endothelial 
cells. The thickened intima also contained 
delicate collagenous fibrils, which were 
coarser and more condensed in the compact 
superficial segments of the thickened intima. 

Extensive fragmentation, splitting, and 
reduplication of the internal elastic mem- 
brane beneath the thickened intima were ob- 
served. Newly formed elastic tissue was 
prominent in the thickened intima. In the 


Fig. 13.—Common iliac 
artery. The intima con- 
sists of irregularly and 
loosely arranged fibro- 
blasts and connective 
tissue fibers. Hema- 
toxylin and eosin stain; 
reduced to 90% of mag. 
< 100. 
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P bathe, 


deeper mucoid portions the fibers were deli- 
cate, fibrillary, and wavy, whereas in the 
compact superficial portions of the plaques 
the fibers appeared as coarse bundles of 
fibrillary elastic substance. Small amounts 
of amorphous mucopolysaccharide 
concentrated about the elastic fibers. 


were 


Where the intimal thickening was mini- 
Where 


the thickening was more pronounced, moder- 


mal, no lipid material was found. 


ate amounts of lipid material were present. 
In the deeper layers, small lipid droplets 
were grouped in layers along the coarser 
fibers (Vig. 14). Smaller 
amounts of lipid were closely associated with 
the finer elastic fibers of the intimal plaques. 
In the superficial layers, larger, coalescing 
droplets were observed in the cytoplasm of 


elastic tissue 


the connective tissue cells. Some of the con- 
densed superficial connective fibers stained 
slightly with Sudan IV, but distinct droplets 
were not present. All of the lipid was local- 
ized to the intimal layer, and none was 
present in the The fine droplets 
stained violet with Nile blue, whereas the 
larger, intracellular dark 
blue. In several areas in the midportion of 
the thickened intima, groups of elongated 
needle-shaped crystals, arranged radially, 
were visible with polarized light. These as- 


media. 


masses stained 
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Fig. 14.—Common iliac 
artery. The superficial 
layer of the intima is 
devoid of lipid. The 
elastic fibers beneath are 
covered by small lipid 
droplets. Sudan 
toxylin stain; reduced to 
90% of mag. X 100. 


sumed a Maltese-cross pattern, following 
heating and pressure.® 


Comment 


Arteriosclerosis in the baboon is initiated 
by degeneration of either the internal elastic 
membrane or inner layer of the medial 
elastic tissue and by deposition of increased 
amounts of mucopolysaccharide substance. 
Regeneration of the damaged elastic tissue, 
by reduplication of the elastic layers and 
development of new layers derived from 
the ground substance, is identical with the 
arteriosclerotic process observed in other 
18 Proliferation of fibroblasts and 
formation of mucopolysaccharide, reticulum, 
and collagenous and elastic fibers by the con- 
nective tissue cells lead to the development 
of intimal thickening and formation of in- 
timal plaques. The sequence of events and 
the appearance and arrangement of the 
constituents of the altered intima are 
the same as those observed previously in the 
arteries of birds, dogs, cats, and human 
beings.!15 

Although lipid substance was demon- 
strable in some of the earlier lesions, its 
deposition seemed to be preceded by de- 
generative disease of the elastic tissue. 
Deposits of lipid occurred mainly near 
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degenerating elastic tissue, and the lipid had 
an apparent affinity for the accumulating 
mucoid ground substance. After the intima 
had thickened, or after intimal plaques had 
developed, the lipid was found closely ap- 
plied to the newly developed intimal elastic 
fibers, and here seemed to have a greater 
attraction for elastic tissue than for mucoid 
ground substance. Some of the lipid drop- 
lets accumulating in this fashion coalesced 
and appeared within the cytoplasm of the 
intimal fibrocytes. Phagocytic mononuclear 
cells or foam cells were not found in these 
lesions. Although the bulk of the lipid was 
probably neutral fat, small amounts of 
cholesterol substances were demonstrated. 
The nature of the lipid deposited in the 
thickened intima and its appearance follow- 
ing the degeneration and proliferation in the 
intima the 
previously in the 
Cholesterol, however, was not observed in 
the lesions of the dog and cat.'”™ 


are same as those observed 


bird, dog, and cat.'°™ 


It is of special interest that our two ba- 
boons had been fed a diet low in fats and 
probably devoid of cholesterol. The levels 
of plasma cholesterol were not determined in 
these two baboons, but in a group of eight 
young male baboons (Papio anubis) the 
concentrations of plasma cholesterol ranged 
from 90 to 140 mg. per 100 cc."* Van Zyl 
and Kerrich and van Zyl ' also measured 
the levels of serum cholesterol in baboons 
(Papio ursinus) and reported values of 118 
to 250 mg. per 100 cc. Our finding that the 
intimal lipid was concentrated mainly along 
regenerating elastic fibers generally in the 
deeper portions of the plaques suggests that 
this intimal lipid may not have been trans- 
ported from the lumen by diffusion but, 
That the 
normal arterial wall of various animals is 


rather, was synthesized in situ. 


capable of synthesizing fatty acids and 
cholesterol has been demonstrated.’ 

The naturally occurring arteriosclerosis 
the funda- 
mentally similar to the lesions found in 


other primates by Fox,’ Steiner,? and Rine- 


described here in baboon is 


hart and Greenberg.*’ The lesions described 
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by these other investigators were primarily 
fibrous and mucoid, showed elastic degenera- 
tion, and contained no or insignificant 
amounts of lipid material. However, the 
lesion found in the cebus monkey by Mann 
and his co-workers * represented a different 
sort of process; in that case the intimal 
thickening resulted from accumulations of 
macrophages or foam cells filled with lipid 
substance, secondary to hypercholesteremia. 
This is the same type of lesion which has 
been observed repeatedly in the cholesterol- 
fed rabbit,** in the cholesterol-fed bird,” 
and in the hypercholesteremic 
This lesion is primarily lipid in origin and 
has little or no resemblance to that occurring 
naturally in the human being. Mann and 
his co-workers * presented no histologic evi- 
dence to indicate that a diet deficient in pro- 
tein had results in degenerative vascular 
disease similar to the naturally occurring 
process that is not associated with hyper- 
cholesteremia. 


Summary 


Arteriosclerosis of the aorta and coro- 
nary and common iliac arteries of the 
Doguera baboon (Papio anubis) is de- 
scribed, 

The arterial lesion is characterized by an 
initial degeneration of the internal elastic 
membrane or inner medial elastic layer, 
followed by localized deposition of muco- 
polysaccharide substance. 

Intimal fibrosis follows, with formation of 
elastic, reticulum, and collagenous fibers, 
leading to the development of concentric 
intimal thickening or intimal plaques. 

Lipid infiltration of the intimal lesions is 


minimal and appears secondarily to intimal 
degeneration and fibrosis. 


Foam cells are 
not observed in the arteriosclerotic lesions, 
but small cholesterol deposits are demon- 
strable deep in the intimal plaques. 

Drs. C. R. Schroeder and A. W. Sylstra sup- 
plied the baboon Mrs. Thelma 
and Mr. Hal Strong aided in the preparation of 
the sections and photographs 


tissues. Gotham 


Pathology, University of Cali- 
fornia Medical Center (22) and the Department of 
Physiology, Berkeley 


Department of 
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Experimental Arthritis 


I. Morphologic Alterations in the Guinea Pig After the Parenteral Injection of 


Bacterial Extracts 


RUSSELL 5. JONES, M.D., and YOLANDE CARTER, 8.5., Salt Lake City 


During studies on rheumatic-like lesions 
in the guinea pig, a wide variety of bacterial 
and animal products as well as chemical sub- 
stances were tested and certain substances 
classifiable as mucopolysaccharides were 
found to induce synovial proliferation with 
or without accompanying joint exudate.’ 
A spontaneous, as well as induced, infection 
with a Klebsiella organism was also found 
to be accompanied by joint lesions, and a 
crude polysaccharide extracted from this or- 
ganism and injected subcutaneously or in- 
travenously into guinea pigs also induced 
joint lesions. In a further study of the 
pathogenesis of the joint lesions, a known 
Type B Klebsiella pneumoniae organism was 
used and the effects of several different ex- 
tracts from this organism were compared.® 
The arthropathic effect was not attributable 
to lethal toxicity, anaphylactogenic proper- 
ties, or differences in protein, nitrogen, 
hexosamine, hexuronic acid, or mono- or 
disaccharide content.* In the latter studies, 
the histologic changes in the joints were 
evaluated after repeated daily subcutaneous 
and intravenous injections. A number of 
animals dying during the first 24 hours 
after the injection of the lethal extract were 
found to have joint lesions. Experiments 
were therefore undertaken to study the early 
phases of development of the joint lesions 
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and to inquire further into the specificity 
of this response. 

The present paper concerns (a) the his- 
togenesis of the joint lesions during the first 
few hours and days. after a single intra- 
venous dose; (>) the arthropathic effect 
of certain other bacterial extracts, and (c) 
the morphologic changes in the viscera of 
guinea pigs given the various bacterial 
products. 


Methods and Materials 


Bacterial Products —The somatic antigen of 
Shigella paradysenteriae Type Z and five extracts 
and two “residues” of K. pneumoniae Type B 
were studied. K. pneumoniae Type B organisms 
incubated 18 hours at 37 C on agar plates con- 
taining 1% dextrose and 4% peptone* were 
scraped from the agar, suspended in distilled 
water, and extracted by three different pro- 
cedures—the alkaline- and acid-extraction tech- 
niques of Wong*® and the trichloroacetic acid 
method of Jancsik and Kaiser* for hyaluronic 
acid in tissue. The last procedure employs 4% 
trichloroacetic acid adjusted to pH 4.0 with sodium 
acetate, three-day refrigeration, and ethanol pre- 
cipitation. In addition, bacterial debris remaining 
after the alkaline and acid extraction were in- 
jected into animals, 

K. pneumoniae organisms were also grown on 
deferrated agar medium prepared by the method 
of van Heyningen** and the crude polysaccharide 
extracted by the acid procedure of Wong. 

A purified capsular polysaccharide of Type B 
K. pneumoniae and the somatic antigen of Type Z 
S. paradysenteriae obtained through the courtesy 
of Dr. Walther Goebel” were also utilized in 
these experiments. 

All of these bacterial products were dissolved 
as a 1% solution in 0.85% sodium chloride and 
sterilized by autoclaving. Only the water-soluble 
fractions of the bacterial residues were injected. 

Animals.—Young guinea pigs of either sex and 
weighing 175-250 em. were given water and Purina 
rabbit chow ad libitum and daily supplements of 
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EXPERIMENTAL ARTHRITIS—MORPHOLOGIC CHANGES 


Taste 1.—Joint Changes and Bile Precipitate Observed After Several Daily 
intravenous Injections of Bacterial Extracts * 


_ Two Injections Killed Day 4 Four Injections Killed Day 6 
y 
Intra- Joint Joint 
venous Bie Bile - 
Dose Precip- a Exudate Precip- Synovial Exudate 
itate if. itate if. 
Control, 0.85% saline 1 mi. of 
Somatic antigen 8. paradysenteriae Type Z 0.5 mg. v4 4/4 a4 a 44 4 
Purified capsular polysaccharide 
K. pneumoniae, Type B 5.0 mg. 0/2 0/2 0/2 oA 
TCA-extracted polysaccharide 
K. pneumoniae, Type B 2.0 mg. a4 4/4 asa 
Acid-extracted polysaccharide K. 
pneumoniae, Type B from deferrated 
medium 1.0 mg. 4/4 


* Numerator indicates number of animals with change; denominator indicates number in the particular group. 


cabbage throughout the experiments. For the study sections of the femorotibial (knee), scapulo- 
of the histogenesis of joint lesions, the acid- and humeral (shoulder), and humeroulnoradial (elbow) 
alkaline-extraction polysaccharides of K. pneu- joints were stained with hematoxylin and eosin, 
moniae were given as a single 5 mg. injection into toluidine blue, and, in order to evaluate the nature 
the transilluminated ear vein. Three guinea pigs of the exudate, with the periodic acid-leukofuchsin 
were killed at each of the following intervals: (PAS), phosphotungstic-acid hematoxylin, and 
30 minutes; 1, 3, 6, and 12 hours, and 1, 3, 7, and Mallory aniline blue stains. Routine sections of 
14 days. For comparison with the intravenous the brain, salivary glands, cervical and mesenteric 


route, 5 mg. of the alkaline-extraction polysac- lymph nodes, trachea, lungs, heart, spleen, liver, 
charide was injected intraperitoneally and animals gall bladder, pancreas, adrenals, kidneys, and 
killed at the above time intervals. gonads were examined. 


For the study of arthropathic and toxic quali- 
ties of these products and of the bacterial debris, 

trichloroacetic-acid-extracted polysaccharide, and 


acid-extracted slysaccharide from  deferrated 
‘ Induction of Joint Lesions.—All of the 
media, animals were killed two days after four 


daily injections of 2, 2, and 1 mg. per day, re- bacterial substances in this experiment, ex- 
spectively. Five milligrams of purified K. pneu- cept the purified K. pneumoniae capsular 
moniae capsular polysaccharide and 0.5 mg. of polysaccharide, produced joint changes 
the somatic antigen of 5. paradysenteriae were (Tables 1 and 2). The lesions induced with 


given intravenously to separate groups for two the daily doses of the highly toxic somatic 
and four consecutive days and the animals killed 


ee anti Type Z S. paradys ‘riae we 
two days after the last injection. antigen of lype Z pera lysente rine we re 
After killing the guinea pigs, the extremities 45 S€VETe as those produced by a single 
were fixed in acetone-formaldehyde and micro- injection of a larger quantity of toxic, acid- 


Tasie 2.—Tissue Changes Following a Single Intravenous Injection of 5 Mg. of K. 
Pneumoniae Extracts * 


Hr. 1 Hr. Hr. 6 Hr. 12 Hr. 1Day 3Days 7 Days Days 


Ascites 0/3 0/3 2/3 3/3 3/3 1/3 0/3 0/3 0/3 
3 | Retroperitoneal fluid 0/3 0/3 1/3 3/3 3/4 13 0/3 0/3 0/3 
Bile precipitate 0/3 0/3 0/3 3/3 3/3 3/3 2/4 2/3 1/3 
Hepatic basophilia 0/3 2/3 3/3 3/3 4/4 3/3 3/4 3/3 0/3 
? | Joint mucoid increase 0/3 1/3 3/3 2/3 0/3 1/3 1/3 0/3 0/3 
| Small globules 0/3 0/3 2/3 1/3 2/4 13 0/3 1/3 0/3 
bw Synovial proliferation 0/3 6/3 0/3 0/3 1/3 4/3 3/4 3/3 0/3 
< 2s4 | Exudate 0/3 0/3 0/3 0/3 4/3 3/3 3/4 2/3 0/3 

Ascites 0/3 0/3 0/3 

i | Retroperitoneal fluid 
3 Z Bile precipitate 0/3 0/3 0/3 0/3 0/3 0/5 0/5 0/5 0/3 
( Hepatic basophilia 0/3 0/3 0/3 0/3 0/3 0/5 0/f 0/5 0/3 
i | Joint mucoid increase 0/3 2/3 2/3 2/3 1/3 2/5 o/h 0/5 0/3 
~ | Small globules 0/3 1/4 1/3 4/3 0/3 1/5 0/6 0/5 0/3 
Beg | Synovial proliferation 0/3 0/3 0/3 aL 1/3 3/5 4/5 4/5 0/3 

_ Exudate 0/3 0/3 0/3 2/3 1/3 3/5 3/5 4/5 0/3 


* Numerator indicates number of animals with change; denominator indicates number in the particular group. Animals dy 
during the first day after the injection of the acid-extraction polysaccharide are not included. A joint change is listed ag positive 
observed in only one of the five or six joints examined per animal. 
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Figs. 1-3.—Sections are from elbow joint of guinea pig injected intraperitoneally five 
hours previously with 5 mg. of alkaline-extraction polysaccharide. Earliest joint changes are 
an apparent increase in mucoid joint fluid (Fig. 1; hematoxylin and eosin; 100), which 
stains metachromatically (Fig. 2; toluidine blue; 100). Under higher magnification (Fig. 
3) the synovial cells appear vacuolated and swollen but contain only a few minute meta- 
chromatic granules; synovial fluid shows ovoid or spheroid particles with mild metachromatic 
staining (> 300) 

Figs. 4-6.—Elbow joint of guinea pig killed 24 hours after intravenous administration of 
5 mg. of alkaline-extracted polysaccharide. Synovial cells have proliferated, and the joint 
fluid contains discrete orthochromatic, eosinophilic masses (Fig. 4; > 100). Less homo- 
geneous, but similar, material covers and merges with the cytoplasm of the proliferated syno- 
vial cells (Fig. 5; & 300). This process is more prominent in Figure 6 (X< 300). 


extracted polysaccharide prepared from or- 
ganisms grown on iron-free media. The 
alkaline-extraction polysaccharide produced 
somewhat less severe lesions, although it had 
no lethal or other toxicity. 

In general, the elbow joints show the 
most change and the shoulders the least. 
This parallels the relative amount of cuboidal 
or columnar synovial cells in elbow, knee, 
and shoulder joints of the control, or saline- 
injected, animals. 


Histogenesis of Joint Lesions.—The 
histologic changes within the joints consist 
of increase in synovial cells and the appear- 
ance of an eosinophilic exudate within the 
joint space and upon the synovial epithelium. 
The histogenesis is reconstructed by the com- 
parison of changes in animals killed at the 
various intervals after a single intravenous 
injection. 

Within one hour after the intravenous 
injection of the injurious agent, there is an 
increase in the mucoid material in the joint 
cavity. Although not quantitatively evalu- 
ated, the mucoid material is most abundant 
within the elbow joints. After the acetone- 
formalin fixation, this material has a finely 
granular and fibrillar appearance (lig. 1). 
Within three to six hours, small, oval to 
round globules, easily distinguished from a 
rare erythrocyte, are noted within the mu- 
coid substance (lig. 3). In contrast to the 
mucoid material, these small globules have 
but mild metachromatic staining. About the 
same time, some of the synovial cells are 
vacuolated and have irregular or frayed free 
borders (Fig. 3), but do not contain 
metachromatic material. This occurs espe- 
cially within the elbow joints opposite the 
articulating cartilage and remains as long 
as three days. By 6 to 12 hours the globules 
within the joint space are much larger, oc- 
casionally appearing intimately associated 
with the synovial cells (Fig. 5). After a 
few days, however, synovial cells have be- 
come larger and more numerous and have a 
dense, nonvacuolated eosinophilic cytoplasm. 
Often, the synovial cells have an associated 
overlying layer of 


eosinophilic, slightly 
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granular material. The synovial cytoplasm 
merges indistinguishably into the eosino- 
philic material. Rarely a small mass of 
eosinophilic exudate lies beneath the epithe- 
lium. Regardless of location, this exudate 
does not stain as fibrin with phosphotungstic- 
acid hematoxylin or Mallory’s aniline blue, 
suggesting possible origin from the synovial 
cytoplasm. This process continues for one 
week, then disappears without recognized 
residue. 

Occasionally during the first few hours 
after an intravenous injection one may see 
a few polymorphonuclear leukocytes in the 
subsynovial area, and occasionally a few of 
these cells, as well as monocytes, may be 
within the mucoid substance of the joint 
space. During the active synovial prolifer- 
ation there is only a mild increase in fibro- 
blasts and macrophages in the adjoining 
connective tissue, Changes in surface layers 
of the articulating cartilage may occur but 
are difficult to distinguish from artifactual 
separation of thin surface strips and frag- 
ments, 


Changes in Other Tissues.—All of the 
bacterial products except the alkaline-ex- 
tracted Klebsiella polysaccharide — and 
Goebel’s purified capsular polysaccharide 
possess lethal properties. These same sub- 
stances also produce changes in the bowel, 
liver, and gall bladder of the surviving 
animals. 

After the injection of the lethal toxic 
materials, the animals often appear ill dur- 
ing the first 12 hours, assuming a hunched 
position with ruffled fur and refusing food 
and water. Death usually does not occur for 
12 to 24 hours, 

Protein-rich fluid is present in 
small quantity at 6 hours, is most pro- 
nounced at 12 hours, and is usually absent 
at 24 hours in killed animals. As a con- 
comitant process, a jelly-like, coagulated 
exudate is noted in the retroperitoneal tis- 
sues, especially about the pancreas (Fig. 18) 
and renal pelves. 


ascitic 


Microscopic evidence of 
retroperitoneal edema may appear as early 
as three hours. Occasionally, some fluid ac- 
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Figs. 7-12.—Exudate is present in synovial space of knee joint (arrow) of animal given 
bacterial mucopolysaccharide (Fig. 7; & 10), and with higher power (Fig. 8; hematoxylin- 
eosin stain; 40) accompanying increase in synovial cells is seen. Toluidine blue stain ( Fig. 
9; 110) reveals metachromatic synovial mucoid clinging to surface of exudate. In Figure 
10 the exudate is intimately associated with the surface of the proliferated synovial cells 
(110). The increased synovial cells are not accompanied by significant changes in adja- 
cent connective tissue (Fig. 11; & 110), although in some areas (Fig. 12; * 110), fibroblasts 
and macrophages may be mildly increased. Guinea pig was given two daily intravenous 


injections of 0.5 mg. of S. paradysenteriae Type Z somatic antigen and killed two days after 
the last injection 
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cumulates in the pleural and pericardial cav- 
ities. With the acid-extracted polysaccharide 


from organisms grown on deferrated media, 
the peritoneal fluid is bloody. The surviving 
animals regain their normal activity and 
appetite, paralleling the disappearance of 
peritoneal and retroperitoneal exudate. 
With the injected non- 
lethal, alkaline-extracted polysaccharide 
from K. pneumoniae, there are few mani- 
but a few animals 
killed at 12 hours disclose a trace of peri- 
toneal and retroperitoneal exudate. Intra- 
peritoneal injection of the same 5 mg. quan- 
tity as given results in 
pronounced fluid accumulation of the peri- 
toneal cavity with occasional death of the 


intravenously 


festations of illness, 


intravenously 


animals. 

During the first day after the intravenous 
injection of the toxic material, a_ viscid 
mucus appears at the anus in a few guinea 
pigs, and by the second day the intussus- 
cepted rectosigmoid bowel prolapses through 
the anus (Fig. 13). Death of these animals 
may sometimes be averted by the early re- 
duction of the intussusception. 

Bile precipitate in the gall bladder and 
extrahepatic bile ducts (Fig. 14) also re- 
sults from the injection of lethal toxic ma- 


Jones—Carter 


Fig. 13—In a_ few 
guinea pigs injected with 
toxic bacterial products 
the intussuscepted recto- 
sigmoid bowel may pro- 
lapse through the anus. 


terials or from the intraperitoneal, but not 
intravenous, injection of the alkaline-ex- 
tracted polysaccharide of K. pneumoniae. 
The flocculent, greenish bile precipitate ap- 
pears as early as six hours and is associated 
with obvious distention of the gall bladder. 
Microscopically, the bile appears to cling to 
The bile pre- 


cipitate may be present as long as two weeks 


detached mucosal epithelia. 


after a single intravenous injection of toxic 
material, gradually becoming lighter in color. 
In some animals receiving repeated injec- 
tions a small firm, whitish calculus may 
form. 

Within one to three hours after the in- 
travenously injected toxic extracts and the 
nonlethal alkaline extract introduced intra- 
peritoneally, the hepatic cord cells contain 
rounded, nonmetachromatic particles, which 
stain bright blue with hematoxylin and eosin 
(Pig. 15) and red with PAS and disappear 
with diastase digestion. These particles in- 
crease in size and number, and by 24 hours 
large, irregular masses may occupy much of 
the cytoplasm. The basophilic material may 
persist week, then disappear. No 
changes are seen in the Kupffer cells, and 
there is no leukocytic infiltration. 


one 
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Fig. 14- 
precipitate 
the gall bladder has been 
expressed without ap- 
parent resistance into the 
extrahepatic 


Flocculent bile 
occurring in 


bile ducts. 


The variability in histologic appearance 
of lymph nodes makes evaluation difficult, 
but within a few hours there is a less com- 
pact arrangement of follicular germinal 
centers and sinusoids are 


wide and occa- 


sionally contain a pale, eosinophilic material, 


a few erythrocytes, and phagocytes with en- 
gulfed erythrocytes, This alteration is more 
pronounced in the cervical lymph node after 
the intravenous injection of acid- or alka- 


line-extracted and 
marked in mesenteric lymph nodes after in- 
traperitoneal injection. Within 24 hours 
the sinusoidal phagocytes more 
prominent (lig. 17), and cells resembling 
plasmacytes are more numerous. 


polysaccharide more 


become 


The adrenal cortex, the site of an un- 
usually high concentration of C'™ from in- 
jected labeled polysaccharide,"' shows but 
minor change with the present histologic 
techniques *; during the first day it is often 
grossly reddened and microscopically shows 
engorgement, a few small hemorrhages, and 
dissolution of a few cortical cells. 


Comment 
The joint lesions, bile precipitate, ascites, 
and basophilia of hepatic parenchymal cyto- 
plasm following the injection of extracts of 
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K. pneumoniae and S._ paradysenteriae 
might also be expected with many Gram 
negative bacilli. Such substances have long 
been employed in the production of the 
Shwartzman phenomenon, but only hemor- 
rhages, thromboses, and necroses in various 
organs have been described. In studying the 
Shwartzman phenomenon, Apitz'® observed 
focal necrosis in the liver, spleen, and heart 
of rabbits, but not of guinea pigs, after the 
two intravenous injections of filtrates of 
enteric organisms or Meningococcus. Toxic 
substances extracted by Boivin’s ™ technique 
from Salmonella typhi and given as a single 
injection produced necroses in the liver of 
rabbits,’* similar to those observed in ty- 
phoid in man.'* Martin’ after injecting 
mice intraperitoneally with Raistrick’s 
Salmonella aertrycke (S. typhimurium) ex- 
tracts, observed engorgement of peritoneal 
vessels and of the adrenal; in the adrenal 
there was a striking increase in mononu- 
clear, and sometimes polymorphonuclear, 
leukocytes, along with degeneration of the 
medullary cells. Gerber'’* found a_ few 
thromboses in the lung of rabbits after a 
single injection of S. typhi filtrate while 
thromboses in organs followed a 
single injection of Neisseria meningitidis fil- 


various 
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trate. Morgan’ observed similar throm- Studies on tne morphologic changes have 


boses and necroses in rabbits after a single been meager as compared with the investi- 
intravenous injection of toxic somatic anti- gations of chemical, toxic, and antigenic 
gen from S. typhi. properties of the Gram-negative organisms. 


Fig. 15.—One hour after the intraperitoneal injection of 2 mg. of alkaline-extraction 
polysaccharide of K. pneumoniae, the hepatic cord cells contain small rounded basophilic 
particles. Hematoxylin and eosin; X< 300 

Fig. 16.—Within a few hours, large basophilic masses appear in the cord cells and stain 
intensely with periodic acid-leukofuchsin (PAS). This alteration occurs after intravenous 
injection of lethally “toxie” bacterial products or after the intraperitoneal injection of non- 
lethal alkaline-extraction polysaccharide (PAS; > 300) 

Fig. 17.—Reticuloendothelial cells of the lymph node are prominent in number and size, 
especially in the cervical nodes after intravenous injection and in mesenteric nodes after 
intraperitoneal injection of bacterial products. Hematoxylin and eosin; x 300 

Fig. 18.—There is protein-rich fluid about the pancreas in guinea pig killed 14 hours 
after intraperitoneal injection of 5 mg. of alkaline-extraction polysaccharide. Hematoxylin 
and eosin; 100 
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Various investigators, employing many dif- 
ferent techniques, have obtained complexes 
of polysaccharide-lipid-protein which are 
heat-stable, toxic, and antigenic and which 
characterize the surface of the bacteria in 
their virulent, or smooth, form, These com- 
plexes have been dissociated into various 
components in an attempt to identify the 
antigenic, haptenic, and toxic fractions. 
Boivin -*° extracted an immunizing toxic 
polysaccharide from 5S. aertrycke which 
could be separated with acetic acid into a 
nontoxic, nonantigenic polysaccharide hap- 
ten and a toxic, nonhaptenic substance 
thought to be a phosphatide. Raistrick and 
Topley™ obtained similar toxic, immunizing 
polysaccharide complexes whose nitrogen- 
containing component was thought to be a 
peptide rather than a protein. 

Extensive studies of this type carried out 
by Morgan and Partridge *" on S. dysen- 
teriae (Shiga) and Goebel ™ on S. parady- 
senteriae Type Z_ indicate that the 
phospholipin is unnecessary for toxicity or 
serologic activity, but the chemical compon- 
ent or physicochemical aspects responsible 
for toxic manifestations have not been 
clearly established. ‘‘Purity” of the various 
fractions has been difficult to obtain when 
all criteria are used. Cluff** isolated S. 
paradysenteriae Type Z antigen by Goebel’s 
technique '° and found three electrophoretic 
fractions with a common, as well as distinct, 
components on gel-precipitin techniques. 

In understanding the pathogenesis of the 
joint lesions and other tissue changes, sev- 
eral questions may be posed: (a) What is 
the role of “toxicity”? (b) Does a single 
physiologic or metabolic alteration explain 
all of the host (c) Are the 
changes due to the direct effect of the in- 
jected material, or are they produced in- 
directly through other metabolic or phys- 
iologic alterations of other organs or tissues ? 


responses ? 


The “toxicity” of materials injected into 
animals implies only the ability to produce 
death or such general manifestations of 
illness as listlessness, anorexia, fever, hemor- 
rhage, diarrhea, and fluctuations in respira- 
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tory activity, cardiac rate, blood sugar, and 
blood leukocyte count. Delineation of 
“toxicity” in more exact physiologic and 
metabolic terms is needed. However, within 
the present limitations, it does appear that a 
nonspecific and nonimmunologic tolerance to 
the toxic substances may be acquired. Febrile 
responses are markedly diminished with re- 
peated injections in the rabbit and are un- 
associated with a specific antibody, since the 
tolerance (a) disappears when agglutinins 
are present in serum, (4) follows the injec- 
tions of nonantigenic bacterial pyrogens, and 
(c) cannot be passively transferred.* In 
addition, antiserum does not neutralize the 
toxic effects in animals,**** and the precipi- 
tate from antigen-antiserum reactions still 
possesses toxicity.** A previous study cor- 
relating the morphologic changes with tox- 
icity suggested a lethal toxicity distinct from 
arthropathic properties.* The present in- 
vestigation does not support this; the non- 
toxic arthropathic alkaline extract, when 
given intravenously, is toxic upon intraperi- 
toneal injection. Further experiments are 
needed to elucidate the effects upon “toxic 
response” resulting from variations in dis- 
tribution of injected material, in absorption 
to plasma proteins or cell surfaces, and in 
alterations of physicochemical state. 

Dennis '* believed the effects of typhoid 
toxin in animals might be due to vascular 
injury. The neurotoxin of S. dysenteriae is 
thought to produce destructive lesions in the 
central nervous system not by direct action 
on nerve cells but by injury of the en- 
dothelium of smaller blood vessels.27-7* The 
increased capillary permeability from the 
various toxic extracts used in the present 
study would permit the exudation of both 
plasma protein and the toxic colloidal ma- 
terial and led to the ascites, bile precipitate, 
joint lesions, and even death. Different rates 
of removal of the foreign material from 
serous and synovial spaces may account for 
the relatively rapid disappearance of pro- 
tein-rich ascitic fluid, while the joint lesions 
persist and progress. 

Death from the toxins of Gram-negative 
bacilli does not occur for 6 to 24 hours after 
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injection. This may be due to the direct, 
although gradual, effect of the injected ma- 
terial upon capillary walls, or, on the other 
hand, to changes brought about indirectly by 
antecedent injury to other organs or tissues. 
The indirect action of the injected material 
is given some credence by unpublished ob- 
servations that the injection of 1 mil. of 
serum removed from toxic animals induces 
all of the lesions more rapidly and in com- 
parable severity. By C™ labeling of the 
bacterial extract, it is known that the bac- 
terial product in the reinjected serum is 
negligible.” 

possible relationship between the 
hepatic cytoplasmic basophilia and the hy- 
perglycemia produced by Gram-negative or- 
ganisms is of interest. Delafield ® observed 
that the intravenous injection into rabbits of 
dead cells of many Gram-negative, but not 
Gram-positive, organisms leads to toxic ef- 
fects and hyperglycemia. Delafield also 
observed that antigenic, somatic polysac- 
charides from S. aertrycke'? produced 
hyperglycemia; that all of the toxic mani- 
festations are not attributable to altered car- 
bohydrate metabolism is suggested by an 
acid-hydrolyzed material which was toxic 
but did not produce hyperglycemia. The 
present observation of basophilic particles 
and masses in the hepatic cytoplasm may be 
a morphologic stigma of altered carbohy- 
drate metabolism. These masses are positive 
with PAS and disappear with diastase treat- 
ment—presumptive evidence of polysac- 
charides, such as glycogen. Whether altered 
carbohydrate metabolism in liver, muscle, 
and other tissues has any role in the patho- 
genesis of the morphologic changes, espe- 
cially the joint lesions, is unknown. 

While the toxic substances from Gram- 
negative organisms produce both the joint 
lesions in the guinea pig and the Sanarelli, 
or “generalized Shwartzman,” phenomenon 
in rabbits, there is no morphologic evidence 
of a similar or common pathogenesis. Oc- 
clusive vascular lesions, predominantly in 
small arteries and capillaries,’*"**? with ac- 
companying 


ischemic necroses the 
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Shwartzman reaction of rabbits, did not oc- 
cur in the guinea pig after two spaced intra- 
venous injections '* or in the present study 
with a single or repeated injections. Histo- 
logically, there is no apparent similarity be- 
tween the local Shwartzman reaction with 
necroses, thromboses, hemorrhages, and leu- 
kocytic exudation about the synovia*®* and 
the lesions following a single intravenous or 
intraperitoneal injection in the guinea pig. 
Brunson and co-workers ™ suggest that the 
Shwartzman may result from 
changes in the circulating blood, perhaps 
from removal of fibrinogen with localization 
of blood-derived fibrinoid at sites of injury. 
Similar changes in the agent or circulating 
blood, as yet undefined, may form a common 
basis for the lesions in the guinea pig and 
the Shwartzman response in rabbits. 


response 


Summary 


Acute joint lesions have been induced by 
the injection of antigenic polysaccharide com- 
plexes from Shigella paradysenteriae Type Z 
and Klebsiella pneumoniae Type B. Within 
a few hours after a single injection of toxic 
materials there is an apparent increase in 
metachromatic mucoid material in the joint 
cavity; small orthochromatic globules ap- 
pear, synovial cells become frayed and vac- 
uolated, and within 24 hours the synovial 
cells have increased in number and size. An 
eosinophilic exudate also appears but does 
not stain as fibrin. Within one or two weeks 
after a single intravenous injection these 
lesions have disappeared. Changes in other 
tissues consist of a protein-rich, noncellular 
ascitic and retroperitoneal fluid, a flocculent 
precipitate of bile in the gall bladder, and 
coarse basophilic granules in the hepatic 
cord cells. 

The pathogenesis of the joint lesions is 
discussed in relation to “toxicity,” chemical 
properties of the injected compounds, capil- 
lary permeability, and the Sanarelli, or gen- 
eralized Shwartzman, response in rabbits. 

Salt Lake 
St. (15). 


General 


Hospital, 2033 S. State 
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Experimental Arthritis 


Il. Studies with C'+-Labeled Polysaccharide Complexes of Klebsiella 


Pneumoniae, Type B 


In prior experiments “rheumatic-like” 
cardiac valvular and joint lesions have been 
produced by a wide variety of bacterial and 
chemical agents.' Crude polysaccharides and 
other fractions of Type B Klebsiella pneu- 
moniae,?* as well as the somatic antigen of 
Shigella paradysenteriae Type Z,* produced 
acute arthritic lesions after intravenous in 
jection. In the study of the pathogenesis of 
rheumatic-like lesions, it is important to 
determine the distribution and metabolism 
of exogenous inciting agent or agents. Vari- 
ous fractions of K. pneumoniae Type B, 
labeled with C'™ by biosynthesis and in- 
jected intravenously into guinea pigs,’ have 
a distribution and duration comparable to 
that obtained by other techniques, such as 
those with colloidal materials ** or with 
antigens tagged with dyes? and ['8!*" or 
by fluorescent dye-antibody complexes.''' 
However, with the C'-labeled crude poly- 
saccharide of K. pneumoniae, the adrenal 
had the greatest incorporation of C' per 
unit weight of any tissue, and C' remains 
in fair concentration in the adrenal for two 
months, while it disappears from other 
organs.* 

The present study of the acute arthritic 
lesions in the guinea pigs concerns the tissue 
distribution, metabolism, and nature of 
incorporation of two arthropathic polysac 
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charide complexes of K. pneumoniae, em- 
ploying isotopic tracer, autoradiographic, 
extraction, and immunologic procedures. 


Methods and Materials 


Bacterial Polysaccharides.—K. pneumoniae Type 
B organisms were grown on peptone agar® con- 
taining 7.74c to 67.0uc of acetate per milli- 
liter of medium. After alkaline- and acid-extraction 
techniques of Wong,"* the crude polysaccharides 
have activities of from O.l6yc to 1.3ye per milli 
gram. The acid- and alkaline-extracted polysac- 
charides have, respectively, a 39.8% and 4.6% 
reducing sugar content after hydrolysis with 
1 N HC! for 16 hours at 100 C, a 3.6% and 4.3% 
nitrogen content, and a 7.5% and 68% protein 
content. For injection into animals, the polysac- 
charides are dissolved as a 1% solution in 0.85% 
NaCl and sterilized by autoclaving. Under these 
conditions, the intravenously injected alkaline- 
extracted polysaccharide is not lethal up to 80 mg 
per kilogram of body weight, while the L. D.» of 
the acid-extracted mucopolysaccharide is 0.06 
mg/kg,” or approximately 4.0 mg. per 250 gm. of 
guinea pig 

Animals.—Male and female guinea pigs, weigh- 
ing 200-250 gm. at the initiation of the experiment, 
were given by ear vein 5 mg. of a labeled crude 
polysaccharide. Some animals were given daily 
injections for seven days. Urine was collected 
throughout the first day and at intervals there- 
after. While in the glass urine-collection cages, 
the animals were fed only the cabbage supple- 
ment, instead of the usual stock diet of Purina 
Rabbit Pellets. At intervals, the animals were 
placed in sealed glass containers; Os was supplied 
by demand-regulator, and respired COs, was col- 
lected in CO.-free 2 N NaOH agitated by a mag- 
netic stirrer. By applying heat and acid to the 
NaOH solution, the CO, was collected from 
Ba( OH)» solution as BaCOs. Similarly, acid and 
heat applied to the urine permitted a determination 
of the content 

The guinea pigs were killed at various intervals 
up to two months. As much blood as possible was 
removed by cardiac puncture and the specimen 
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separated by centrifugation into plasma, erythro- 
cytes, and, occasionally, buffy coat. The erythro- 
cytes were washed three times with 0.85% NaCl. 
Joint washings were obtained initially by injection 
of 0.15 ml. of 0.85% NaCl into the right knee 
joint and the fluid immediately aspired. Subse- 
quently, the same volume of distilled water, instead 
of saline, was used for joint washes. The three 
other legs were removed for histologic study. Bile 
was aspirated from the gall bladder. The pitui- 
tary, liver, spleen, and left adrenal were removed 
Except for the pituitary, a small 
each of these organs was taken for 
determination of dry weight and fat content. 
Whenever possible, 


and weighed. 
sample of 


duplicate samples of these and 
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tissues 
autoradiography 


other 


were taken for histologic study, 
, grinding with distilled water in 
a glass-tube homogenizer, plating, and counting in 
a windowless flow counter. Urine and BaCOs, 
samples were similarly counted. The per cent in- 
corporation in the entire organ is given for the 
adrenals, liver, and spleen. To permit a com- 
parison of these organs and other tissues as well, 
and also to minimize the changes resulting from 
the growth of the young animals, the incorpora- 
tion is expressed as the per cent of injected dose 
per gram of dry tissue per kilogram of 


body 
weight at autopsy as calculated by the 


formula: 


Activity per gram tissue 


Activity of total dose Xbody weight, in gm., >< 100 


Taste 1.—Tissue Extraction of Liver 
Liver 
43.7 g(dry) 

pc 
homogenized 
centrifuged 


insoluble 
(ary) 24.6 @ (dry) 
37.6% 62.9% 


Petroleum Extraction 


Petroleum ei Extraction 


Insoluble 


20.26 


pe: 


Soluble 


Alk, Extraction 
-O9M KOH, 95°C ,30 min. 
acidif. with acetic acid 
centrifuge 


(Seitz Filter) 


Solute 


3% 


4 parts ethanol 
plus 1% sodium acetate 


Solute Precipitate Precipitate 


Solute 
(includes sal ts) soluble) (not H20 resol.) soluble) deep freeze 
10.7% 69 mg 108 mg 2h mg 
1.1% 3.08 8.8% 
"Polysaccharide" 
Solute 

60.7 mg 22.9% 
2.0% (non-dialyz- 

"Polysaccharide" able) 

16.08 
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Serum obtained from guinea pigs, injected with 
the akaline-extracted polysaccharide, was reinjected 
into other guinea pigs. These animals were then 
killed at various intervals and the tissue distribu- 
tion of the label determined as indicated above. 

Autoradiography.—The apposition technique was 
used with No-Screen X-Ray Emulsion and de- 
paraffinized microsections from acetone-formalin- 
fixed tissue. Comparison with dry, unfixed tissue 
revealed no loss of the C-labeled material by 
acetone-formalin fixation and by organic solvents 
and paraffin embedding. Decalcification procedures 
using 5 N HNO, for 18 to 24 hours resulted in 
loss of 75% to 80% of the C™. Therefore, with 
decalcified sections of bone and joints, prolonged 
exposures up to 18 months were necessary. After 
staining, the tissue microsection and its autoradio- 
graph were compared microscopically and by 
superimposition of photographic enlargements. 

Extraction of Tissue——At the optimum incor- 
poration time of seven days following the 
intravenous injection with  alkaline-extracted 
polysaccharide, 15 guinea pigs were killed. The 
spleen, liver, and right adrenal of the 15 animals 
were pooled; the three lots of pooled organs were 
ground in a refrigerated homogenizer and ex- 
tracted at 4 to 6 C, as indicated in Table 1. This 
procedure was similar to the method employed in 
the alkaline extraction of the crude bacterial 
polysaccharide. The radioactivity of each fraction 
and of each wash solution was determined. 

The polysaccharide fractions were hydrolyzed 
with 1 N HCl at 100C for six hours, neutralized 
with BaCOs, and used for paper chromatography 
with 4:1 phenol-water solvent. The resulting 
strips were divided in 2 cm. lengths and counted 
in the windowless flow counter and the relative 
values compared with qualitative reaction with 
aniline-phthalic acid reagent for sugars and with 
ninhydrin for amino acids. 

Immunologic Procedures.—After confirming the 
lack of antibody formation against alkaline- 
extracted polysaccharide, rabbits were given sev- 
eral courses of heat-killed Klebsiella organisms 
To establish the optimum precipitin formation, a 
series of concentrations of polysaccharide and 
rabbit antisera were quantitated by micro-Kjeldah! 
procedures for nitrogen and by C” activity in 
supernatant and precipitate. In precipitin tests 
using tissue extracts, the extracts were added to 
antibody in C’ content comparable to the optimum 
range for the injected polysaccharide. Precipitin 
reactions were also studied qualitatively and by 
the ring and gel-diffusion techniques of Oudin™ 
and Ouchterlony.” Tests for heterophile antibody 
were conducted before and after absorption with 
adrenal and kidney tissue. 
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Results 

Loss of C'* from Plasma, in Respired 
CO, and Urine.—After intravenous injec- 
tion, the labeled polysaccharides are ob- 
served in the blood plasma but not in 
erythrocytes or leukocytes. In the animals 
given the toxic acid-extraction polysaccha- 
ride, protein-rich peritoneal and retroperi- 
toneal fluid usually accumulates during the 
first day and disappears within 48 hours 
after a single intravenous injection. In 
spite of such evidence of redistribution of 
polysaccharide or label in the body fluids 
during the first and second days, both alka- 
line- and acid-extraction polysaccharides 
have comparable losses from plasma and in 
urine and respired COs. When these losses 


—— Acid eatracted Po ysocch 
OPiasma — —Alkaline ent Polysacch 
50 eUrne 1098 por hour 
40 +Respred loss per hour 


Adrenal — Acid ext. Polysacch 
SAdrenol — Alkaline eat Polysacch. 
Oliver Acid ext,Polysacch 
OLiver Alkaline ext. Polysacch 
VSpleen —— Acid ext, Potysacch. 

Spleen — — Alkaline ext, Polysocch 


% Imected Dose 


\ Spleen 
\ 
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Fig. 1.—Total organ incorporation and hourly 
urinary and respiratory losses are similar for acid- 
and alkaline-extracted polysaccharides. The plasma 
is usually “cleared” within one week. Urinary loss 
is high initially, diminishes progressively, but con- 
tinues at a low value for days. Respired C“O, 
loss declines almost exponentially for the first 
two days, with none detectable thereafter. The 
liver and usually the spleen reach their maximum 
activities within an hour and decline thereafter. 
The adrenal, however, does not reach its maxi- 
mum C" activity for one or two weeks and main- 
tains a relatively high value for two months. 
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Plasmotocid ext polysacch) 


Plasmo (atk. ext, acch 


% imected Dose 
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i 
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Fig. 2.—By plotting time in hours instead of 
days, the data for the initial period after injection 
are more clearly shown than in Figure 1. Plasma 
C™“ values drop precipitously, leaving only 7% of 
alkaline-extracted and 25% of acid-extracted 
polysaccharide in plasma at two hours. Respired 
C“O. and urinary losses parallel one another at 
first, but respired CO, suddenly disappears, while 
urinary loss continues. Progressive increase in 
adrenal C™ is readily noted. 


are plotted, several distinct phenomena are 
apparent (Figs. 1 and 2): (a) There is a 
rapid decline in plasma levels, which, after 
the initial 16 to 24 hours, approximates an 
exponential “clearance” of about 5.5% of 
the plasma level per hour; no appreciable 
quantity remains in the plasma after 5 to 
7 days; (b) An approximate exponential 
loss of respired COs occurs during the 
first two days but none thereafter. (c) The 
rate and amount of C' loss in the urine 
during the first 24 hours is almost identical 
with that of respired C™O.,; after this 
period the label continues to appear at a 
declining rate as long as the tissues contain 
incorporated label, i. ¢., up to 1 and 2 
months. During the first 24 hours 66% 
of the C™ in pooled urine samples is in 
nondialyzable form and at the later periods, 
when there is far less activity, the label 
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remains in a nondialyzable and noncarbo- 
nate substance. By the end of seven days 
only 20% to 25% of the total injected poly- 
saccharide is accounted for on the basis of 
urinary and COs losses. Apparently, the 
rest is in the tissues, 

Tissue Incorporation.—The label is also 
found very soon and in considerable quan- 
tity in the joint washings. After several 
days, the activity of the joint fluid on a 
unit (dry) weight basis often exceeds that 
of the plasma. Considerable variation in 
activity from animal to animal is expected 
with the technical problems of a joint-wash- 
ing procedure. In addition, comparisons 
upon either dry weight or volumetric basis 
are unreliable; the dry weight of plasma 
and joint wash approximates 7.0 and 0.1 
mg. per milliliter; 0.15 ml. injected and 
aspirated from the joint may considerably 
dilute the original content. 


Adrenal (alk ext polysocen) 


Adrenollacid ext polysacch ) 


Incorporation % 97*9 


Mesenteric 
lymph nodes 
= wos" 


Fig. 3.—C" incorporation into tissues is ex- 
pressed on the unit-weight basis per cent per gram 
of dry tissue per kilogram (% g/kg.) instead of 
the total organ incorporation, as in Dieaee 1 and 
2. Adrenal activity is the highest of any tissue. 
The C” content of the cervical node is consistently 
higher than that of the mesenteric nodes. The 
liver activity declines exponentially. After the 
first day, C™ activity in the joint-space wash 
fluid is often higher than in the plasma. 
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The greatest quantity of C' is incorpo- 
rated in the liver, while significant amounts 
are localized in the spleen and adrenal. The 
liver and spleen, as well as the lung, reach 
their maximum levels of C'* within the first 
hour after the intravenous injection, but the 
adrenal incorporation rises gradually over a 
period of several days to attain the highest 
activity per unit weight of any tissue (Fig. 
3). Adrenal activity remains elevated for at 
least two months, whereas activity declines 
and disappears from the liver, spleen, lung, 
and lymph nodes. The alkaline-extraction 
polysaccharide shows a higher adrenal in- 
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corporation and lower liver and spleen 
values than the acid-extraction product. 
With both polysaccharides the cervical 
lymph node incorporation per unit weight 
is also consistently higher than that of the 
mesenteric tracheobronchial lymph 
nodes. In the 15 animals injected with 
alkaline-extraction polysaccharide and killed 
at one week, the values, in per cents per 
gram of dry tissue per kilogram, for cervi- 
cal, tracheobronchial, and mesenteric nodes 
were 0.89+0.30, 0.21+0.20, and 0.36+0.14, 
respectively. This variation is not explained 
by any difference in fat content. Relatively 


Figs. 4-7.-Comparison of hematoxylin-eosin-stained section of knee joint. Figure 4, with 
its autoradiograph (Fig. 5), prepared by apposition technique, discloses the most intense radio- 
activity in the synovial lining, the meniscal, articulating, and epiphyseal cartilage being spared ; 
moderate activity is present in the marrow. The guinea pig had received 5 mg. of C-labeled 
alkaline-hydrolysis polysaccharide of K. pneumoniae one week previously. In Figures 5 and 6, 
comparison of tissue section and autoradiograph of scapulohumeral joint from a guinea pig 
given a total of 35 mg. of acid-hydrolysis polysaccharide over a 10-day period and killed two 
weeks after the last injection shows mild radioactivity in the synovium and most intense 
radioactivity in the periosteal area of the humeral diaphysis. 
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minor amounts of label are found in pitui- 
tary, salivary gland, thymus, thyroid, vitre- 
ous humor, seminal vesicle, testis, ovary, 


uterus, bowel, fat, skeletal muscle, myocar- 
dium, and pancreas. The label appears quite 
rapidly in the bile, but the nature of its 
chemical incorporation has not been deter- 
mined. Presumably, much of the label re- 
enters the animal from the intestinal tract, 
since so little appears in the feces. 
Autoradiographic Findings. — The com- 
paratively low radioactivity of tissues and 
the necessity of employing No-Screen X-Ray 
emulsion results in autoradiographs suitable 
for histologic localization but unsuitable for 
cytologic details. Activity in the joints is 
concentrated along the synovia, with some 
activity also in the adjacent areolar con- 
nective tissue (Figs. 4-7). C™ is also 
present within the protein exudate of the 
joints. No appreciable activity is seen within 


Figs. 8-12. 


the articulating, epiphyseal, or meniscal car- 
tilage. Bone marrow demonstrates consid- 
erable activity. The various histologic 
changes in the joints have been presented 
in previous papers with the present 
agents.** The C™ concentration is greatest 
in the adrenal cortex and is also seen in the 
splenic pulp but not in the Malpighian 
bodies (Fig. 12), and in the sinusoidal areas 
of lymph nodes but not within their follicles 
(Figs. 10 and 11). Radioactivity is also 
prominent in the delicate connective tissue 
just beyond the renal pelvis submucosa 
(Fig. 13); the cortex shows some minute 
areas corresponding to glomeruli. The heart 
valves contain a minor amount of activity, 
but little more than can be found in many 
tissues, such as endocardium, thymus, mus- 
cle, and salivary gland. 

Tissue Extracts.—The extraction proce- 
dures indicated in Tables 1, 2, and 3 are 


The pituitary (Fig. 8; & 11), as compared with its autoradiograph (Fig. 9), 


shows more activity in the anterior than in the posterior lobe, with apparently greater activity 


in some groups of cells than in others 


Radioactivity in the cervical lymph node (Figs. 10 and 


11; X11) is restricted to the reticuloendothelial and sinusoidal areas and is absent in the 


lymphocytes 


Autoradiograph of the spleen (Fig. 12; 8) shows intense radioactivity in the 
pulp, with none in or immediately about the Malpighian bodies 


All sections are from the 


same animal as that in Figures 10 and 11, with autoradiographic exposure on No-Screen X-Ray 


emulsion for 13 months 
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Fig. 13.—Autoradiograph of the kidney and 
adrenal shows marked activity within the 
adrenal cortex; medulla is not present in section 
There is also activity within the renal cortex, 
especially in the peripelvic connective tissue, the 
site of a cell-free protein exudate. K 7 


similar to those used for original alkaline 
extraction of crude polysaccharide from the 
bacteria, with the exception of the initial 
separation into water-soluble and water-in- 
soluble fractions by centrifugation of the 
tissue homogenate. The distribution of the 
label in the various water-soluble fractions 
indicates that the liver and spleen have an 
appreciable quantity of material with the 
same extraction characteristics as the crude 
bacterial polysaccharides. However, the 
adrenal has a quite different distribution of 
the label, and little of it has the solubility 
characteristics of the crude bacterial poly- 
saccharide. Very little activity is found in 
lipid material first extracted from the ad- 
renal emulsion, but the fatty material lib- 
erated after alkaline extraction of the 
water-soluble fraction has relatively more 
activity. The fraction with the highest ac- 
tivity per milligram was obtained from the 
spleen, but even this tissue had less than 
1% of the activity per milligram of the 
injected bacterial product. 

Paper chromatographic separation of the 
hydrolyzed polysaccharide fractions from 
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liver discloses considerable radioactivity in 
the glucose regions, moderate activity in the 
glucuronic acid area, and variable activities 
for the amino acids, similar to the findings 
with the injected bacterial polysaccharides. 
Quantitative estimations of the various 
sugars and amino acids from tissue frac- 
tions have not been made. 

Ring precipitin and qualitative precipitin 
tests reveal activity in the adrenal, spleen, 
and liver extracts. Positive results without 
distinct bands were obtained with the Oudin 
gel technique. Three definite bands ap- 
peared with the alkaline-extracted polysac- 
charide and anti-Klebsiella serum in the 
Ouchterlony preparation, but tissue extracts 
have been of such low antigen or hapten 
concentration that band formation was un- 
satisfactory. In the tube precipitin tests the 
optimum precipitin formation with alkaline- 
extraction polysaccharide and anti-Klebsiella 
serum was 20y/ml. Using the per cent of 
C™-labeled polysaccharide recovered in the 
precipitate as a standard and adding tissue 
extracts in isotopic amounts equal to the 
optimum 20y/ml., it was observed that only 
17.5% of the C™ activity in adrenal “poly- 
saccharide” extract is precipitated with 
antibody, whereas 45% of the splenic ex- 
tract, 45% of liver fraction 1, and 62.5% 
of liver fraction 2 are precipitated. Instead 
of using the water-soluble adrenal extract, 
an emulsion of the whole adrenal gland was 
mixed with antiserum and with control 
serum. The antisera yielded three times as 
much label in the insoluble material obtained 
by centrifugation. This suggests that the 
injected bacterial substance may be more 
difficult to separate from cellular compo- 
nents of adrenal than from liver or spleen. 


Comment 


In the pathogenesis of acute arthritic le- 
sions from the crude bacterial polysaccha- 
ride, the interrelations of host responses and 
host functions may be simplified by the 
familiar terms “direct or indirect,” “local or 
systemic.” 
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Taste 2.—Tissue Extraction of Spleen 


mg (ary) 
total activity 0.054 Ac 


homogenized 


centrifuged 


(& lost) 
insoluble H,O soluble 
624.5 mg (dry) 680 mg (dry) 
total 22.4% total 69.4 


Petroleum Ether 


Insoluble 
Alk, Extraction 
Centrifuge 


(Seitz Filter) 


Solute 
21.1 mg 


| 


EtOH & NaAc 


Solute (incl washes) 
19.% 


Not resoluble 


Correlation of synovial exudation and 
proliferation with the local distribution of 
the polysaccharide favors the direct or local 
action of the injurious agents. The C'* 
immediately enters the joint space from the 
circulating plasma and is recoverable from 
the joint for several weeks after the initial 
injection. Histologic changes closely follow 
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Soluble 
"Polysaccharide" 


11,0 mg 
32.% 


the appearance of the label in the joint. 
Synovial cells are disrupted, and their cyto- 
plasm apparently extrudes within a few 
hours. Within 6 to 24 hours globules of 
eosinophilic, _nonmetachromatic material, 
apparently protein but not fibrin, appear 
over the synovial cells and in the joint space. 
By 12 to 24 hours the synovial cells have 
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311 mg 
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Taste 3.—Tissue Extraction of Adrenal 


Adrenal 
355 mg (dry) 


centrifugation 


Insoluble H,0 Soluble 
(Cream-like layer separates) 


Petroleum Fther Petroleum Ether 


Soluble Insoluble Soluble 
15 ml = 13.5 mg (HO Soluble) 23 ml (82.6 mg) 
0.56 11 ml (147 mg) 8.2 


Alk. Extraction 


Centrifuge 


(Seitz Filter) 


Creamy layer 
Pet.Ether Ext, 
18.2 me 

7.6 


proliferated to several layers in thickness, 
often forming papillary protrusions. One 
week after a single 5 mg. injection of 
either bacterial polysaccharide, synovial pro- 
liferation and exudation are diminishing or 
absent.’ 

Using fluorescent antibody on histologic 
sections of mouse joints, Coons and co- 
workers ' have observed Klebsiella capsular 
polysaccharide within synovial cells, joint 
space, and some articulating cartilage cells. 
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Solute 


EtOH & NaAc 
Deep freeze 12 hrs 


From this observation and the present auto- 
radiographic findings, it is apparent that the 
C'-labeled polysaccharide is concentrated in 
the proliferating synovium. Quantitation of 
C™ uptake by synovium has not been pos- 
sible by either the autoradiographic or the 
joint-washing techniques, but at a time when 
the plasma is without effect upon the auto- 
radiographic emulsions, considerable C'™ 
activity is present in the synovium and is 
more marked here than in the bone marrow. 
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The joint washings, though inaccurate, re- 
flect a parallelism between the activity in 
the plasma and that in the joint space but 
do not determine the amount of C'™ within 
the synovial cells. Future studies of the 
changing distribution in plasma, synovium, 
and joint space of the bacterial polysaccha- 
ride, in contrast to other substances, may aid 
in understanding the pathogenesis of the 
joint lesions. 

Many substances of a large molecular size 
readily reach the joint space from the 
plasma. Egg albumen and horse serum soon 
appear in the joint fluid, and horse serum 
may have a greater entrance than removal." 
The variation in permeability and exudation 
of various substances into body cavities and 
tissue spaces may be dependent not upon 
molecular size alone but also upon anatom- 
ical and physiological differences intervening 
between the blood capillaries and the body 
cavities,"* 

With our present knowledge, the patho- 
genesis of the joint lesions is speculative. 
Increased capillary permeability may pro- 
duce the protein-rich fluid in the peritoneal 


cavity and retroperitoneal tissues. A similar 
exudation of plasma, with its polysaccharide 
content, could occur into the joint space, 


resulting in the altered metachromatic mucin 
and in the subsequent synovial proliferation. 
The immediate cause of synovial prolifera- 
tion is may represent a 
reparative process or a response to the 
concentration of 
entrapped during its passage to and from 


unknown; it 


foreign polysaccharide 
the plasma. 

As indicated by the autoradiographs, the 
localization of C'*-labeled polysaccharide in 
the spleen and lymph nodes can be attributed 
to reticuloendothelial activity. Cytologic de- 
tail, however, does not permit specific differ- 
entiation of large phagocytes or plasmocytes. 
The reason for greater incorporation in 
the cervical rather than in the mesenteric 
node is not clear. In the cervical nodes the 
initial edema may be more prominent and 
become 


the large reticuloendothelial cells 


more numerous. Through the same limita- 
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tion in cytologic detail on the autoradio- 
graphs, we have not determined the relation 
of the basophilic particles in the hepatic 
cord cells to C™ localization. 

In considering an indirect or a systemic 
mechanism in the genesis of the joint 
changes, the high concentration of C'™ in 
the adrenal is of interest. While the maxi- 
mum uptake by liver, spleen, and lymph 
nodes is within hours, the C' uptake of the 
adrenal cortex is more gradual, reaches the 
highest concentration of any tissue within 
a few days, and is maintained in fair con- 
centration, while becoming insignificant in 
the liver and spleen. Histologically, the 
only changes, if any, in the adrenal are little 
hemorrhages and minute necroses within the 
first day. These soon disappear, leaving no 
residue even while there is a high C'™ con- 
centration in the organ. The nature of the 
label incorporation in the adrenal remains 
obscure.* Far less C™ is extracted in “poly- 
saccharide” fractions from the adrenal than 
from the liver and spleen, and less of the 
adrenal extract than of the liver and splenic 
extract is precipitated with Klebsiella anti- 
body. The depression of C™ incorporation 
by prior treatment with cortisone but not 
with corticotropin, progesterone, pregneno- 
lone, desoxycorticosterone acetate (DOCA), 
and 11-desoxy-17-hydroxycorticosterone 
(Substance S)'® suggests that the polysac- 
charide or some of its derivatives are inti- 
mately involved in adrenocortical function, 

A single 5 mg. injection of the alkaline- 
extracted polysaccharide gives a stress re- 
sponse with a fourfold to fivefold elevation 
17-hydrocorticosteroid and a 
marked depletion of adrenal ascorbic acid. 


in plasma 


With two or more daily injections, the 
adrenal ascorbic acid is depleted for six 
to seven days.”” Further studies are needed 
to evaluate the role of such alteration in 
adrenal function and ascorbic acid metab- 
olism. 

With our present knowledge, the most 
reasonable of many possible hypotheses for 
the pathogenesis of the joint lesions may be 
the following: A foreign mucopolysaccha- 
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ride by direct local effect produces a non- 
suppurative exudative response in the 
joints; accompanying uptake of the agent 
in the synovium leads to proliferation of 
synovial cells and continued extrusion of 
plasma or cellular protein into the joints; 
concomitant alterations in adrenal cortical 
function and ascorbic acid metabolism may 
lead to the enhancement or persistence of 
these lesions, 


Summary 


The pathogenesis of the acute arthritic 
lesions in guinea pigs has been studied by 
C™-labeled polysaccharide complexes of 
Klebsiella pneumoniae Type B. Aspects of 
ihe metabolism, tissue distribution, and na- 
ture of incorporation of the injected poly- 
saccharides are presented. 

One week after a single intravenous in- 
jection, littke C™ remains within the plasma. 
Respiratory C™Os loss occurs only during 
the first two days. C' rapidly appears in 
the joint fluid and concentrates within the 


synovium. Aspiration of the joint spaces 
often yields material with greater C™ ac- 
tivity than the plasma. 

The injected alkaline-extraction polysac- 
charide is retained in the liver, spleen, and 


adrenal. When these tissues are extracted 
and the recovered C' polysaccharides are 
compared with the originally injected mate- 
rial, the relative haptenic properties are 45% 
to 62.5%, 45%, and 17.5% for the liver, 
spleen, and adrenal, respectively. 

The pathogenesis of the joint lesions 
relative to these findings is discussed. 

Dr. James S. Arnold, of the Radiobiology 
Laboratory, University of Utah College of Medi- 
cine, and Dr. G. T. Van Bruggen, Department of 
Biochemistry, University of Oregon Medical 
School, gave advice and assistance in the radio- 
isotopic studies, and Arlene Hopfenbeck and 
Franzi Reisenbichler gave technical assistance. 


Salt Lake General Hospital, 2033S. State St. (15). 
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Experimental Aberrant Lipogenesis 


Substrate Factor 


TOICHIRO KUWABARA, M.D., and DAVID G. COGAN, M.D., Boston 


In the previous paper of this series, it 
was shown that fat is formed by cells that 
are exposed to oleic acid or to sodium oleate 
in the presence of serum.' This occurs in 
vivo or, under proper conditions, in vitro. 
Although a phenomenon demonstrable in 
described in a 
subsequent paper, it is most easily studied 


many tissues, as will be 
in the cornea, which has a relatively uniform 
architecture and is readily accessible for 
injection experiments. 

The experiments of the present paper 
were directed toward evaluating the speci- 
ficity of the oleates as a substrate. A secon- 
dary consideration was the correlation of 
the with the 
origin of fat in so-called fatty degeneration, 

The (1) 


test cornea of the 


oleate-induced phenomenon 


technique consisted of injecting the 


agent into the intact animal, 
(2) injecting the test agent into an excised button 
which was then incubated, or (3) adding the test 
substance to the 


button 


medium in which an untreated 
The buttons were 
24-48 hours and 


the techniques of 


was immersed 
37 C in 


longer 


corneal 
serum for 
Although 

injecting the button and inoculating the media were 


incubated at 


occasionally 


frequently used for the same test agent, the latter 
was the method of choice whenever the substance 


was sufficiently soluble in serum. At the end of 


the test period the corneal pieces were fixed in 
sectioned in the and 


5% formalin, frozen 


or oil Red O 


State 
stained with Sudan I\ 


Experimental Results 


The experimental results are arranged in 
the subsequent presentation according to the 
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nature of the test agents used. So far as 
possible, the serum factor was kept constant, 
with variation only in the substrate. Experi- 
ments that were clearly complicated by bac- 
terial growth were discarded. 

A. Fatty Acids, Soaps, and Monoesters. 

1. Oleates: Oleic acid was injected into 
approximately 25 corneas of living rabbits.* 
The amount injected was about 0.05 cc. of 
Within 
a matter of hours the eyes became inflamed, 


a 10% emulsion in saline solution. 


developed an abscess within a few days, and 
ultimately showed extensive scarring, vascu- 
larization, and occasionally perforation. By 
removing the eyes at varying time periods 
after the injection, it was found that, in 
addition to the progressive inflammatory 
reaction and local necrosis, fat droplets be- 
gan to appear in the corneal cells adjacent 
to the site of injection at about 12 hours 
and increased for several days. This fat was 
variably present in all the cells (epithelium, 
stroma, and endothelium), depending on the 
area of injection. The corneal reaction was 
masked after the first few days by the 
massive cells. 


invasion of inflammatory 


However, corneal buttons that were sim- 
ilarly injected with oleic acid but removed 
from cell invasion by being placed in cello- 
phane bags within the peritoneal cavity or 
beneath the skin showed a continuing proc- 
ess of intracellular fat formation for at 
least two weeks. 

Similar results were obtained by injecting 
10% sodium oleate (adjusted with HCl to 
pH 7.2) into the corneas of living rabbits. 
Hence the lipogenesis and toxicity are to 
be attributed to the oleate factor and not 


*No difference in results was found with oleic 
acid U.S. P acid purified by the 
method of 


or with oleic 


Holman.” 


‘ 
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to the acidity. (Evidence will be presented 
subsequently to indicate that it is not the 
necrotizing effect of the oleic acid which is 
responsible for the fat formation. ) 

Oleic acid and sodium oleate were also 
injected into corneal buttons that were then 
incubated in serum for varying lengths of 
time.t The cells immediately adjacent to 
the site of injection disappeared within a 
few hours, but intracellular fat formation 
occurred in the surviving adjacent cells. 
This was first evident in about six hours’ 
time and increased progressiy ely for at least 
seven days, which is the longest time over 
which such observations have been made. 
The cells became so filled with sudanophilic 
material as to be several times their normal 
size.t The only difference in results be- 
tween the oleic acid and the sodium oleate 
experiments was that the lipogenesis in the 
former was somewhat more limited to the 
area immediately adjacent to the necrotic 
tissue. 

Incubation of untreated corneal buttons 
in a serum-oleate medium was the most pro- 
ductive of uniform results. Observations 
have now been made on several hundred 
such buttons. The optimum concentration 
has been found to be 5-10 mg. of sodium 
oleate per milliliter of serum. The incuba- 
tion of each button was carried out in 3 ml. 
of serum, with a change of medium each 
day. Lipogenesis was seen first at about 
six hours, increasing progressively for at 
least a week. All the cells (epithelium, 
stroma. and endothelium, when present) 
showed the fat formation without evidence 
of necrosis. 

Calcium oleate (1% suspension in 0.9% 
sodium chloride solution) induced a qualita 
tively similar lipogenesis when injected into 
the cornea of living rabbits. This, however, 
was less marked and less constant than 
when similar amounts of oleic acid or sodi 


+ It is most convenient to make the injections in 
the corneas after enucleation of the eye but before 
the buttons or pieces are excised. In this way 
several buttons or pieces may be obtained from 
each cornea 

tSee Figure 1 in previous article’ 


K uwabara—C ogan 


um oleate were injected. It also caused less 
inflammation, 

Methyl oleate injected into the cornea of 
living rabbits or into corneal buttons that 
were subsequently incubated showed an ac- 
tive lipogenesis and necrosis identical with 
that of oleic acid and sodium oleate, 

A series of observations were made on 
polysorbate 80 U.S. P. (Tween 80), the 
oleate ester of sorbitol. This was injected 
into the corneas of rabbits or inoculated 
into the incubation media as in the foregoing 
experiments with sodium oleate. The results 
obtained in approximately 20 experiments 
with polysorbate 80 were identical with 
those when sodium oleate was used. Thus, 
on injection into the cornea of living rabbits 
or into corneal buttons which were subse- 
quently incubated, polysorbate 80 induced 
an intense necrosis with an active lipo- 
genesis in the adjacent surviving cells. Sim- 
ilarly, addition of polysorbate 80 to serum 
in the incubation experiments resulted in 
lipogenesis in corneal buttons. The optimal 
concentration of polysorbate 80 was 10 
mg/ml. of serum. Less than this yielded 
progressively less fat formation, while more 
than this was toxic to the cells. Incubation 
of corneal buttons with polysorbate 80 in 
Tyrode's solution, either with or without 
an aminoacetic acid (glycine) buffer and 
with or without glycerin, resulted in no 
appreciable lipogenesis. 

2. Nonoleates: No lipogenesis was in- 
duced when any of the following organic 
acids were injected into the corneas of liv- 
ing animals in molar concentrations com 
parable to that of the oleic acid. Several of 


these acids were as necrotizing and as pyo- 


genic as oleic acid. Specifically, negative 
results were obtained with acetic acid, 
butyric acid, n-caproic acid, pelargonic acid, 
undecylenic acid, stearic acid, palmitic acid, 
and arachidic acid, On the other hand, posi 
tive lipogenesis was obtained with unpurified 
samples of elaidie acid and linolenic acid, 
but these two may well have had oleic acid 
present as well, 

No lipogenesis was induced by incubation 
of corneal buttons in serum which was forti 
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fied with sodium acetate, butyrate, purified 
elaidate, stearate, or palmitate. Indeed, the 
only soap, other than oleate, yielding signifi- 
cant lipogenesis was sodium linoleate, and 
the purity of this was questionable. 

Negative results were also obtained with 
glycerol monostearate, methyl stearate, ethyl 
linoleate, polyoxyethylene sorbitan mono- 
stearate (Tween 60), polyoxyethylene sorbi- 
tan monopalmitate (Tween 40), polyoxy- 
ethylene sorbitan monolaurate (Tween 20). 

It thus appears that of all the fatty acids, 
soaps, or esters that have been tried, oleic 
acid with its soaps and esters is alone capa- 
ble of inducing lipogenesis as we have de- 
fined it. The possible exception to this is 
linolenic acid. 

This lipogenesis is not dependent on a 
necrotizing property or on any feature 
which we have been able to identify other 
than what is inherent in the oleate molecule. 

B. Neutral Lipids.—Vat extracted with 
ether from the rabbit omentum and injected 
as a suspension into the rabbit cornea was 
detectable as  sudanophilic globules for 
months. These were for some time extra- 
cellular and showed, for the first week at 
least, none of the intracellular globules 
which we have associated with lipogenesis. 
Nor did lipogenesis occur in corneal buttons 
injected with neutral fat and incubated in 
serum or in normal buttons incubated in 
a serum which had been fortified with neu- 
tral fat and cholesterol. Similarly, no lipo- 
genesis occurred with injection of olive oil, 
triolein, or paraffin into the corneas of 
living animals. If, however, these neutral 
fats were saponified beforehand and then 
injected, a vigorous lipogenesis occurred. 

Neutral lipids thus induce no lipogenesis 
comparable to that which occurs when 
oleates are injected. It is true that eventu- 
ally the fat is taken up by some cells in 
the cornea, but the rate with which this 
occurs, the absence of participation by the 
corneal fibrocytes, the later macrophage re- 
sponse, and the associated formation of 
birefringent crystals are sufficiently different 
to distinguish this from the phenomenon 
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of lipogenesis which occurs with the injec- 
tion of oleate compounds or, as will be 
immediately described, with the injection of 
tissue components. 

C. Phospholipids.—A vigorous lipogene- 
sis occurred with the injection of lecithin 
into the corneas of living animals.§ The 
obvious explanation for this is that the 
oleate of lecithin is liberated and induces an 
oleate reaction. But the oleate in neutral fat, 
triolein, or olive oil cannot be liberated by 
the cornea. 

D. Tissue Components.—1. Blood: 
Whole rabbit blood or washed red blood 
cells injected into the rabbit cornea in vivo 
resulted in considerable fat formation in 
the adjacent fibrocytes and the appearance 
of fat in macrophages. Unlike the situation 
when oleates were injected, however, this 
was not apparent during the first week, and 
when it did occur, in the second to the fifth 
week, it was not accompanied by any necro- 
sis or inflammation in the tissue. 

Rabbit plasma injected into the cornea 
failed to induce any fat formation. On the 
other hand, normal human plasma injected 
into the rabbit cornea resulted in a variable, 
but occasionally considerable, fat formation 
that was evident by the second week. This 
was not regularly greater when serum was 
used from patients with xanthomatoses than 
with normal serum. 

Corneal buttons incubated in serum occa- 
sionally showed a small amount of fat for- 
mation even without the addition of oleates. 
This did not occur if the lipids were first 
removed from the serum, whereas it was 
increased if the animals supplying the serum 
were heparinized within the hour prior to 
drawing the blood. Similarly, the one hu- 
man serum sample that gave the greatest 
amount of fat formation was from a patient 
who had xanthomatosis and had received 
heparin one hour prior to drawing the blood 


sample. On the other hand, adding heparin 


§ Lipogenesis occurred equally with commercial 
egg lecithin and with lecithin purified according 
to the method of Pangborn.** 
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to serum in vitro had no effect on the fat 
formation. || 

Attempts to study lipogenesis in corneal 
buttons injected with plasma of cholesterol- 
fed rabbits were inconclusive because the 
large amount of free fat in the injected ma- 
terial masked the new fat formation in the 
cells. 

From the foregoing observations, based 
on approximately 35 separate experiments, 
it was concluded that blood could itself in- 
duce active lipogenesis in the tissues. The 
most lipogenic component was in the red 
blood cells, but the delay in appearance of 
the fat, in comparison with the oleate ex- 
periments, suggested that the substrate first 
had to be liberated from the blood cells. 
Serum also had not infrequently a lipogenic 
factor. This, however, was slight and vari- 
able. That which was present was in the 
lipid factor of serum and was enhanced by 
treatment with heparin prior to obtaining 
the serum. The few observations that were 
made on normal human serum suggested 
that this was more lipogenic than rabbit 
serum, but serum from patients with xan- 
thomatoses was not more lipogenic than 
normal unless the patients were previously 
heparinized. These latter observations merit 
further study. 

2. Corneal Tissue: Corneal tissue which 
had been ground up in sand and _ subse- 
quently suspended in saline solution was 
injected into the cornea of living rabbits. 
Only rarely did any fat form in the adjacent 
cells, and this was never more than a trace. 

This experiment was done by way of a 
control to test whether corneal damage per 
se could be responsible for lipogenesis. It 
was concluded that damage to corneas inci- 
dent to the injection was not responsible for 


significant lipogenesis and, incidentally, that 
collagen, which makes up most of the cor- 
nea, was not a substrate for lipogenesis. 

3. Liver Tissue: The following observa- 
tions on liver are based on approximately 


|| The observations on heparinized plasma were 
prompted by the finding that injection of heparin 
results in a lipolysis of the blood fats (Anfinsen 
et al.*). 
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35 experiments. They include injection into 
the cornea of emulsion of whole liver, lipid 
extracts of liver, and fat-free liver. 

Injection of whole liver into corneas in 
vivo resulted in a prompt and vigorous 
lipogenesis in the adjacent fibrocytes, which, 
as in the case of the oleate injections, was 
strikingly evident within the first few days. 
Unlike the comparable oleate experiments, 
however, there was little or no necrosis or 
inflammation of the host tissue. The lipo- 
genesis occurred with liver tissue which was 
first washed free of blood or first treated 
with potassium cyanide or sodium fluoride. 
Lipogenesis similarly occurred when whole 
liver emulsion was injected into corneal 
buttons that were then incubated in serum. 
On the other hand, little or no lipogenesis 
occurred in corneal buttons that were incu- 
bated in serum to which the liver emulsion 

yas added. 

Liver tissue was extracted for a week 
in ether, and the extract, after evaporation 
of the ether, was taken up as a 10% sus- 
pension in saline solution, This was then 
injected into the corneas in vivo and into 
corneas that were subsequently incubated in 
In all cases the extract induced a 
considerable lipogenesis and some necrosis. 

Liver tissue remaining after the ether ex- 
traction abundant and 
prompt lipogenesis when injected into the 


serum. 


also induced an 
cornea but without appreciable necrosis. The 
lipogenesis was, however, abolished if the 
was further extracted with 
chloroform,{ prior to the 


tissue 
and 


liver 
methanol 
injection. 

From the foregoing it was concluded that 
liver tissue contained a lipogenic component 
comparable to the oleate factor. This was 
present in the ether-extractable fraction and 
in a fraction in which the responsible con- 
stituent appeared to be a lipoprotein. This 
latter differs from simple oleates in not 
being appreciably necrotizing. The results 
are compatible with the thesis that it is the 
oleate constituent of tissue which is respon- 


{ As advised by Folch and Lees for extraction 
of lipoproteins.” 
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sible for tissue-induced lipogenesis, but the 
binding of this oleate to other constituents 
prevents its necrotizing property. 

4. Brain Tissue: The results of injecting 
brain tissue and extracts of brain into the 
cornea were similar to those of injecting 
liver and liver extracts. They have been 
described in detail and illustrated elsewhere,’ 
along with observations on foam-cell pro- 
duction, so that a summary only will be 
given here. The number of experiments 
were about 35, divided among injection of 
whole-brain suspension, lipid extract, and 
“fat-free residue.” 

Whole-brain tissue injected into the cor- 
nea of the living rabbit resulted in abundant 
lipogenesis in the adjacent fibrocytes with- 
out significant necrosis or inflammation. 
Similarly, brain lipid extracted for a week 
in ether and resuspended in water resulted 
in lipogenesis without necrosis in- 
jected into the cornea. Extraction with 
methyl aleohol and chloroform (Volch’s 
Fraction A, believed to contain fats, phos- 
pholipids, and proteolipids) and the ether 
extract of this (Folch’s Fraction B, believed 
to contain fats and phospholipids) both in- 
duced lipogenesis when injected into corneas 
in vivo and in corneal buttons. The so- 
called “fat-free” residue resulting from the 
ether extraction produced considerable lipo- 
genesis when injected into corneas but not 
in residues that had been further extracted 
with methyl aleohol and chloroform, 

On the other hand, emulsion of whole 
brain or of brain lipid failed to induce lipo- 
genesis when simply added to the serum 
of the incubation medium. 

‘rom the foregoing it was concluded that 
brain tissue contains a substrate analogous 
to, if not identical with, the oleate factor. 
This component in brain is in both the 
ether-soluble fraction and the proteolipid. 
Defatted brain material will support lipo- 
genesis only as long as it has at least one 
of these compounds. The lipogenic factor 
in brain, like that in liver, differs from 
oleic acid or sodium oleate in that it is non 
necrotizing. It seems entirely possible that 
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the responsible substance in brain is an 
oleate radical maintained in a bound form. 


Comment 


The tentative thesis developed from the 
foregoing experiments is as follows: The 
oleate radical is a specific prerequisite for 
the formation of sudanophilic fat by the cor- 
neal cells. Moreover, an oleate-containing 
substance will induce lipogenesis only when 
it is present in an available form. Thus 
it is abundant with oleic acid, oleate soaps, 
oleate monoesters, or lecithin, but not in 
the form of triolein or other neutral fats. 
Tissue extracts vary in their ability to sup- 
port lipogenesis. Thus extracts of corneal 
tissue, composed largely of collagen, have no 
significant lipogenic factor ; blood has a vari- 
able amount, whereas liver tissue, brain 
tissue, and certainly many others (kidney, 
spleen) can support lipogenesis abundantly. 
The lipogenic factor in these tissues is both 
in the proteolipids and in the ether-soluble 
component. It seems entirely reasonable to 
assume that it is the oleates in these tissues 
that are responsible for the lipogenesis. 

Insofar as the changes resulting from in- 
jecting emulsified tissue into a foreign host 
are comparable to degeneration in situ, one 
may apply the foregoing thesis to the origin 
of fat in so-called fatty degeneration and 
atherosclerosis. It thus seems likely that fat 
associated with fatty degeneration arises in 
considerable measure at least by a synthesis 
of fat from an oleate-containing substrate. 
This differs from the usual concept of lib- 
eration of masked fat or ingestion of pre- 
formed fat brought to the cells. Further 
observations on the dynamic aspects of this 
lipogenesis will be presented in the subse- 
quent paper, dealing with the tissue factor 
in the phenomenon. 

To the best of our knowledge, these ob- 
servations and conclusions are essentially 
new. However, pertinent observations bear- 
ing on it have been made from various 
sources. Thus, the fat formation which has 
been repetitively observed in tissue cultures 
may be attributable to the presence of 
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oleates. Simms * found that vacuoles in some 
of his cultures were due to soaps retained 
on the glassware after incomplete rinsing. 


Simm’s “lipfanogen”* probably contained 


oleates, for we, too, have found a substrate 
factor in the lipid phase of human plasma. 
On the other hand, the specificity of oleates 
in this process was unexpected and unex- 
plained. Needless to say, further observa- 
tions on this needed at the 


process are 


tissue-culture level. 


Conclusions 


1. Experimental lipogenesis (synthesis of 
neutral fat) depends on the presence of 
oleic acid, some oleate-containing compound, 
or some lipid derivative of tissue which is 
believed to contain oleates. 

2. Lipogenesis does not occur with neutral 
fats, native or otherwise, unless they are 
hydrolyzed previously. 

3. Fatty acids other than oleic acid cannot 
be substituted for oleic acid, 

4. It is suggested that oleic acid or the 
oleate molecule is essential for the produc- 
tion of fat in fatty degeneration and athero- 
sclerosis. 


243 Charles St. (14). 
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Radiation Lethality 


Leukemoid Blood and Leukocytes in Treatment of 


L. H. SMITH, Ph.D., and C. C. CONGDON, M.D., Oak Ridge, Tenn. 


Congdon et al.' obtained a 10%-70% 
survival of lethally irradiated mice injected 
with whole blood showing extreme granu- 
locytosis (leukemoid blood). They showed 
further that the effectiveness of leukemoid 
blood was associated with the formed ele- 
ments but not the plasma. These observa- 
tions are particularly pertinent in view of 
the evidence indicating that infection, a 
major cause of death for lethally irradiated 
mammals, is correlated with granulocyto- 
penia (review by Cronkite and Brecher ?). 
Our aim in these experiments was to find 
out how leukemoid blood causes recovery in 
x-irradiated mice. Leukocytes from sources 
other than leukemoid blood were also tested 
for recovery activity in lethally irradiated 
mice, 


Materials and Methods 


Freshly drawn whole blood, or its formed ele- 
ments, was used for postirradiation treatments 
In most experiments, the blood was obtained from 
BALB/e JAX mice bearing a_ transplantable 
squamous-cell carcinoma (A280). This carcinoma, 
which induces a leukemoid response, developed 
from a spontaneous skin tumor after additional 
painting with 20-methylcholanthrene.* In other 
experiments blood was obtained from man, rabbits, 
and rats 

The blood was withdrawn from the heart of 
anesthetized (pentobarbital [Nembutal] sodium) 
laboratory animals into syringes containing hepa- 
rin. When whole blood injections were to be 
used, a leukocyte count was made and, if neces- 
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sary, Saline added to adjust the preparation to the 
desired white cell concentration 

Separation of the formed elements was carried 
out by several procedures. Fibrinogen (6% in 
saline), an erythrocyte-agglomerating agent, was 
used for isolation of leukocytes. The technique 
used was essentially the one described by Skoog 
and Beck." Platelets were obtained by differential 
centrifugation of whole blood according to a pro- 
cedure of Cronkite et al.‘ Erythrocytes were ob- 
tained by centrifuging whole blood at 150g for 
eight minutes, leaving many leukocytes and plate- 
lets in the supernatant. The sedimented erythro- 
cytes were removed, resuspended in saline, and the 
suspension centrifuged at 80g for eight minutes. 
This procedure, repeated five to seven times, 
gradually reduced the leukocyte and platelet con- 
centration to a minimum. Each of the formed 
elements was suspended in saline for injection. 

The preparations were tested in mice that had 
received a single lethal dose of radiation generated 
by a 250 kv. General Electric Maxitron x-ray 
machine operating at 30 ma. The beam was fil- 
tered through 0.5 mm. Cu plus 1.0 mm. Al, giving 
a dose rate in air of about 80 r/min. The half- 
value layer was 1.32 mm. Cu. Male and female 
mice 3-4 months old were irradiated in groups of 
12 in a continuously revolving, partitioned cage 
made of Lucite placed 64.0 cm. from the x-ray 
tube. Within four hours after irradiation, about 
0.5 ml. of the preparation to be tested was in- 
jected into the tail vein. The effectiveness of 
each preparation was judged by the number of 
mice surviving 30 days or more after irradiation, 
and, in some experiments, by the mean death time. 


Results 


Injection of Whole Leukemoid Blood.— 
A single intravenous postirradiation injec- 
tion of whole leukemoid blood promoted up 
to 100% survival of lethally irradiated 
BALB/c mice (Table 1A). The results 
suggest a direct correlation between the 
number of leukocytes injected and the num- 
ber of mice surviving 30 days. 
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LEUKEMOID BLOOD IN RADIATION LETHALITY 


Taste 1—Effect of Single Injection of Whole Leukemoid Blood on Thirty-Day 
Surv ival of Irradiated (750 r) BALB/c Mice 


Treatment 


{ Intravenous injection, postirradiation 


Control 


Intravenous in 


Intravenous 
| Control 


jon, postirradiation 


Intraperi injection, postirradiation 


o Intraperitoneal ion, postirradiation 
Control 


28 


No. of Leukoc: 
Injected (x 


Z 


© 


Z 
ses 


* Injections made from one homogeneous batch of leukemoid blood. 


The results of one experiment show that 
whole leukemoid blood injected immediately 
before irradiation was ineffective (Table 
1B). 

Leukemoid blood was effective when given 
either intraperitoneally or intravenously 
(Table 1C). Leukemoid blood from one 
batch was used for the two routes of injec- 
tion. Results from these and similar experi- 
ments show, however, that leukemoid blood 
was less effective intraperitoneally than in- 
travenously. 

The injection of whole leukemoid blood 
containing 132.0 10° leukocytes into CAF, 
CsH X 101F;, and LAF, mice exposed to 
900 r and into RI’ mice exposed to 800 r 
did not increase the percentage of 30-day 
survival, Other studies, with irradiated 
CAF, (BALB/c X A) mice, 
ever, that the mean death time was increased 
by the injection of whole leukemoid blood 
containing several hundred million leuko- 
(Table 2A,B). Furthermore, when 
the x-ray dose was reduced from 900 to 


showed, how- 


cytes 


Tasie 2 


750 r, all the controls died; however, 4 of 
the 11 leukemoid blood-injected CAF, mice 
survived 30 days. The mean death time was 
significantly increased from 11.7, for con- 
trols, to 23.0 days, for the injected mice 
(Table 2C). 

A single injection of bone marrow from 
leukemoid mice (BALB/c) into irradiated 
CAF; mice enhanced the 30-day survival 
(Table 2B). 

Injection of Leukocyte Suspensions.— 
When lethally irradiated BALB/c mice were 
given a single postirradiation injection of 
leukocytes from leukemoid blood, the 30-day 
survival varied from 0 to 100%, depending 
on the number of white blood cells injected. 
The results shown in Table 3A were ob- 
tained from one experiment in which all the 
injected mice received fractions of a single 
pooled leukocyte preparation. Results pre- 
sented in Table 3B show the survival ob- 
tained in several experiments with different 
leukocyte 
Thirty-day survival was variable, 


suspensions, 
but with 


preparations of 


Effect of Single Intravenous Injection of Leukemoid Blood on Thirty-Day 


Survival and Mea an De ath Time of Irradiated C. AF, Mice 


Postirradiation 
Injection 


{ Leukemoid blood 
None 


No. kocytes 
Injected (X 10*) 


Exper. 435.0 
Cont. 0 


{ Leukemoid blood Exper. 
None Cont. 
| Bone marrow Cont.* 
ne, Leukemoid blood Exper. 
None Cont. 
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30-Day 
seat Mean Death No. of 


Time, Days Mice 


6 
6 
4 
4 


5 


* These control animals received bone marrow (one femur per mouse) of mice from which the leukemoid blood was obtained. 


Mice 
7 7 
12 
A 19 
10 
70 
12 
12 
12 
7 
0 900 
500.0 0 900 16.5 
B 0 0 900 06 
< 100 900 | 
Cc 300.0 750 23.0 il 
0 0 750 11,7 12 
503 


Tape 3.—Effects of Single Intravenous Injection 
of Leukocyte, Erythrocyte, or Platelet Suspensions 
from Leukemoid Blood on the Thirty-Day Survival 

of Irradiated (750 r) BALB, ¢ Mice 


No. of Cells 0-Day No. of 


Cells Injected Injected (X 10°) Survival,% Mice 
{ Leukocytes 1.0 4 il 
10.0 10 
10 
A 50.0 wo 12 
1277.0 100 
140.0 100 12 


Controls 


Leukocytes 10.0 0 10 


300 Mw) 

sl 17 

B 53.0 57 7 
100.0 71 il 

133.0 100 16 

| Controls None 0 sO 

{ Erythrocytes 1600.0 0 6 
165.0 0 12 

5.0 0 7 

0 09 6 16 
| Controls None 0 1s 

{ Platelets 410.0 0 6 
255.0 0 12 

150.0 0 5 

D 100.0 0 ” 
62.0 0 6 

Controls None 0 19 


some indication of a direct relation to the 
number of leukocytes injected. It is also 
seen that equal numbers of leukocytes from 
different batches of blood did not result in 
the same 


percentage survival (compare 
10 10® leukocytes in sections A and B of 
Table 3). 

The leukocyte preparations from leuke- 
moid blood contained both erythrocytes and 


Fig. 1. — Smear of 

L we $ é the extreme granulocy- 
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Taste 4.—Effect of a Single Intravenous Injection 
of Heterologous Leukocyte Suspensions on Thirty- 
Day Survival of Irradiated (750 r) BALB/c Mice 


No. of 30-Day 
Leukocytes Survival, No. of 
Source of Leukocytes Injected Mice 
(x10) 
Man, myeloid leukemia 165.0 0 a 
Man, stem-cell leukemia 165.0 0 5 
Rabbit, normal 100.0 0 10 
Rat, normal 10 0 6 
Control None 0 a 


platelets as contaminants. There were from 
5.0- to 50.0 10° erythrocytes and 50.0- to 
150.0 10° platelets in each injection. In- 
jection of these or greater quantities of 
erythrocytes or platelets from leukemoid 
blood failed to give any 30-day survival 
(Table 3C,D). Two or more irradiated 
mice were injected with leukocytes of the 
blood from which erythrocytes or platelets 
were obtained; at least 50% of these con- 
trols survived 30 days. 

Leukocytes from other species were tested 
for their ability to bring about recovery in 
BALB/c mice. Leukocyte suspensions from 
normal Sprague-Dawley rats, from rabbits, 
and from man with either myeloid or stem- 
cell leukemia proved to be ineffective when 
injected into irradiated BALB/c mice 
(Table 4). 

Morphology of Leukemoid Blood (Vigs. 
1,2).—The striking feature of leukemoid 
blood is its extreme granulocytosis. In the 
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Fig. 2.—Enlarged sec- 
tion of Figure 1. Note 
the mitotic figure (late 
anaphase) at left center 
of the photograph. At 
the top and to the left, a 
large mononuclear cell 
can be seen. Wright- 
Giemsa stain; 445 


peripheral blood of a tumor-bearing mouse 
having a white cell count of about 200,000/ 
cu. mm., 70%-90% of the white blood cells 
are polymorphonuclear leukocytes and 
granulocytes with a ring-shaped nucleus. 
Myelocytes and metamyelocytes are present 
in variable numbers. A small, variable num- 
ber of cells, possibly blast ‘cells, are rela- 
tively large and have a basophilic cytoplasm 
and a spherical nucleus, containing finely 
divided chromatin. Monocytes are present. 
The absolute numbers of reticulocytes and 
lymphocytes are increased. Infrequently, a 
dividing cell is observed. In an effort to 
standardize the quality of leukocytes, we 
used only leukemoid blood with a_ total 
leukocyte count of at least 200,000/cu. mm. 


Comment 


The present results show that leukocytes 
from isologous leukemoid blood cause re- 
covery of lethally irradiated BALB/c mice. 
One outstanding feature of leukemoid blood 
is the preponderance of mature granulo- 
cytes. Perhaps these cells combat the infec- 
tion that is a major factor in irradiation 
death. If the animal escapes death from 
infection, it may then restore blood cells 
from reticular tissue that has survived ir- 
radiation. It does not seem likely, however, 
that a single injection of leukemoid blood 
or its leukocytes would maintain a sufficient 
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concentration of granulocytes over a period 
long enough to control infection. 

Another explanation for the recovery ac- 
tion of these leukocytes involves the release 
of a humoral substance from the leukocytes 
that such 
a substance exists, it is inactivated by sub- 


stimulates hematopoiesis. If 
jection of the leukocytes to sonic vibration 
or alternate freezing and thawing, as pre- 
liminary results from this laboratory have 
indicated. 

The presence of immature leukocytes and 
mitotic figures in leukemoid blood suggests a 
recovery that 
marrow, marrow have 
been shown to implant, proliferate, and 
function 
recipients. 


similar to of bone 


infused 


action 
since cells 
irradiated 
Our results show that leuke- 
moid blood, like bone marrow, was ineffec- 


hematopoietically — in 


5s 


tive when injected before irradiation and 
was effective intraperitoneally as well as 
intravenously. Also, like bone marrow,”® the 
number of injected leukocytes of leukemoid 
blood was directly correlated with the sur- 
lethal 
Congdon et al.’ observed that injection of 


vival after total-body irradiation. 
leukemoid blood effects recovery of hema- 
topoietic tissue and the peripheral leukocyte 
count similarly to bone marrow treatment. 
that 


lethally irradiated mice of one strain survive 


Lorenz and his associates™ showed 


30 days or more if given bone marrow 
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trom another strain of mice (homologous 
therapy). We have found that bone marrow 
from normal BALB/c mice enhances the 
30-day survival of x-irradiated CAF, and 
LAF, mice and that bone marrow from 
leukemoid BALB/c mice is also effective 
in x-irradiated CAI’; mice. If, therefore, 
the actions of leukemoid blood and bone 
marrow are similar, the former should be 
effective homologously. The leukemoid blood 
was not effective homologously in lethally 
irradiated LAF,, C,H X 101F,, and RF 
mice; but it is possible that insufficient 
numbers of leukemoid blood leukocytes were 
injected, This was apparently the case when 
BALB/c leukemoid blood was given to its 
I’, hybrid (CAF,). The injection of leuke- 
moid blood containing 132.0 10° leukocytes 
did not enhance the 30-day survival or mean 
death time of x-irradiated (900 r) CAF, 
mice, but injection of 435.0% 10° leukocytes 
significantly increased the mean death time 
of CAF, mice from 9.5 to 16.0 days. In 
addition, the injection of 300.0 10° leuko- 
cytes into CA, mice exposed to 750 r 
enhanced the 30-day survival and signifi- 
cantly increased the mean death time, al- 
though the surviving mice were in poor con- 
dition. Congdon et al.' reported that 3 of 
10 lethally irradiated DBA mice given 
leukemoid blood survived more than 30 days, 
although the bone marrow did not regener- 
ate. 

According to some of the parameters 
studied, leukemoid blood apparently acts like 
bone marrow in causing recovery of lethally 
irradiated mice. When leukemoid blood is 
used as a recovery agent, it is conceivable 
that only the granulopoietic elements re- 
populate the irradiated recipient's bone mar- 
row and spleen from precursors in the 
leukemoid blood. If this hypothesis is cor- 
rect, erythrocyte platelet recovery 
should come from the recipient's tissues, and 
not those of the donor. The observation 
that leukemoid blood was more effective in 
CAF, mice at the lower radiation dose 
(750 r) might support this concept. 

Leukocytes from leukemic patients and 
from normal rats and rabbits were tested 
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for recovery activity in BALB/c mice but 
were ineffective. Species larger than mice 
were chosen as donors primarily because 
they provided large numbers of leukocytes. 
Leukocytes from patients with myeloid or 
stem-cell leukemia were used because of the 
quality, as well as quantity, of the white 
blood cells. Attempts to obtain large num- 
bers of leukocytes (i. e., 50.0% 10%) from 
normal mice have not been entirely suc- 
cessful. In one experiment, two of eight 
lethally irradiated BALB/c mice that re- 
ceived about 50.0 10° leukocytes from 
normal BALB/c mice have survived more 
than 150 days. These results, however, are 
inconclusive. 


Summary 


It has been shown that leukocytes of 
leukemoid blood from BALB/c mice cause 
recovery of lethally irradiated BALB/c 
mice. The data indicate that the number of 
mice surviving 30 days or more is directly 
proportional to the number of leukocytes 
injected, One hundred per cent survival 
is usually obtained with 100.0 10* or more 
leukocytes. Neither erythrocytes nor plate- 
lets of leukemoid blood enhance the 30-day 
survival. 

The data suggest that the mode of action 
of leukemoid blood in the treatment of 
radiation lethality is similar to that of bone 
marrow. 

In this study, heterologous leukocytes 
from normal rats and rabbits and from man 
with leukemia proved ineffective in the 
treatment of irradiation injury in mice. 

Miss Bonnie Anderson helped in the preliminary 
work on leukocyte separation. 

Biology Division, Oak Ridge National Labora- 
tory, P. O. Box Y. 
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Marrow Injections, 


Renal Failure and Other Unusual Manifestations in 


Sickle-Cell Trait 


MILTON TELLEM, M.D.; ALBERT |, RUBENSTONE, M.D., and ABRAHAM M. FRUMIN, M.D., Philadelphia 


Sickle-cell trait is commonly thought of 
as a benign hematologic disorder occurring 
in approximately 69%-9% of the Negro 
population. Since the initial report of Bauer 
and Fisher,’ other investigators have at- 
tempted to emphasize the occasional serious 
and variable nature of this condition.27® We 
have recently seen one such case, in which 
some previously undescribed findings have 


been noted. Because of the apparent rarity 


of these cases, opportunity will be taken to 
report this case from the standpoint of the 
clinical, hematologic, and autopsy findings. 
We should like to reemphasize the occa- 
sional fatal sequelae of this disease. 


Report of a Case 


\ 35-year-old Negro man was first admitted to 
the Albert Einstein Medical Center, Southern Divi- 
sion, on Oct. 10, 1953, with sudden, severe pre 
cordial oppression associated with shortness of 
breath. The past medical history and systemic 
review were noncontributory except for an epi 
sode of generalized joint pains and fever in 1945 
Physical examination revealed B. P. 135/80, P 96, 
kK 16, and T 103 F. There was no pallor, icterus, 
adenopathy, hepatosplenomegaly, or purpura. The 
remainder of the physical examination was es 
sentially negative. The blood showed RBC 4,200,- 
000 hemogloblin 12.5 gm. per 100 cc., WBC 14, 
500 per cubic millimeter, with 7% bands, 76% 
segmented forms, 12% lymphocytes, 4% mono- 
cytes, and 1% eosinophils. The BUN was 8 mg 
per 100 ml. of blood 

Repeated electrocardiograms revealed nonspecific 
changes, with temporary T-wave inversion. A 
supine chest x-ray was reported as normal. The 
patient improved spontaneously and was discharged 
two and one-half weeks after admission 

Fourteen months later, on Dec. 16, 1954, he was 
readmitted because of left-sided chest pain asso 


Submitted for publication July 31, 1956 
From the Department of Pathology, Albert 
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ciated with fever, chills, and shortness of 
breath. Examination at this time revealed B. P. 
110/75, P 80, R 24, and T 103 F. There was no 
pallor, icterus, purpura, or glossitis. Generalized 
cervical adenopathy and hepatomegaly were 
found. The spleen was not palpable, although bi- 
lateral costovertebral-angle tenderness was 
present. The remainder of the physical examina- 
tion was essentially normal. 

The blood count showed RBC 4,280,000, hemo- 
globin 14.1 gm. per 100 cc., WBC 7,450 per cubic 
millimeter, with 4% bands, 68% segmented forms, 
24% \ymphocytes, 3% monocytes, and 1% baso- 
phils. The blood smear showed slight anisocytosis, 
poikilocytosis, and hypochromia and minimal poly- 
chromatophilia. A moderate number of ortho- 
chromatic target cells were seen. The sickling 
preparation was positive; ESR 57 mm. in one 
hour, BUN 88& mg. per 100 ml. of blood, Na 141 
mEq., K 4.5 mEq., Cl 97 mEq., and CO, 21.9 vol. 
%. The urine showed 4+ albumin with 1 to 2 


Fig. 1.—The trabecular pattern of all the ribs 
is prominent and coarsened, 
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RENAL FAILURE IN SICKLE-CELL TRAIT 


Fig. 2—The vertebrae show flattening and 
broadening of the bodies with biconcave deformi- 
ties of the superior and inferior margins. 


RBC and 10 to 15 WBC per high-power field. 
Chest x-ray 
The trabecular pattern of all the ribs was promi- 
nent X-rays of vertebrae showed 


showed slight cardiac enlargement. 
and coarsened 
flattening and broadening of the bodies with bi- 
concave deformities of the superior and inferior 
Throughout 
were 


margins and central demineralization 


the bony pelvis and femoral heads there 
poorly defined areas of increased density associated 
The 
composite bone findings were interpreted as show- 
sickle-cell 


with some areas of increased radiolucency 


ing changes compatible with anemia 
(Figs. 1 and 2). 

The hospical course was marked by continual 
fever, vomiting, and diarrhea. The blood 
on Dec. 17 showed RBC 4,400,000, hemoglobin 
14.1 gm. per 100 cc., and WBC 15,700 per cubic 
millimeter, with 8 nucleated RBC per 100 WBC 
A serum bilirubin of 1.25 mg. per 100 cc. (04% 
direct, 0.85% indirect) was obtained. Scleral 
icterus was now noted for the first time. On 
Dec. 21 the RBC count was 4,090,000, hemoglobin 
13.3 gm. per 100 cc, and WBC count 26,900 per 
cubic millimeter, with 19 nucleated RBC per 100 
WBC. Scleral icterus became more marked. The 
patient died on Dec. 21, 1954, five days after 
admission, in uremia 


count 


The pertinent gross autopsy findings were as 
follows: The heart weighed 300 gm 
no evidence of recent or healed myocardial in- 


and showed 


Tellem et al. 


farction. There were moderate bilateral pulmonary 
edema and congestion of the lungs. The liver 
weighed 1700 gm. and was moderately congested 
and firm. The spleen, although markedly con- 
gested, weighed but 80 gm. and revealed increased 
trabecular markings and thickening of the cap- 
sule. The kidneys were congested, each weighing 
200 gm. and showing focal pyelonephritic scars. 
Microscopic sections revealed the sinus- 
oids of the liver and spleen to be markedly 
engorged with sickle cells. The blood vessels 
of the heart, lungs, kidney, gastrointestinal 
tract, and bone marrow were focally en- 
gorged with sickle The kidneys 
showed minimal, focal, chronic pyeloneph- 
ritis. The glomeruli were engorged with 


cells. 


sickle cells, and many of the glomeruli were 
diminished in size despite this engorgement. 
There was a clear amorphous fluid in Bow- 
man’s capsule about these glomeruli (Figs. 
3 and 4). 
There were focal siderofibrosis and in- 
creased trabecular fibrosis of the spleen. 
Special stains for iron pigment proved the 
presence of hemosiderin in the spleen ( Fig. 


5). A normoblastic hyperplasia of the bone 


marrow was present. Microscopic study of 


the vertebral column revealed thinning and 
focal erosion of the bony trabeculae with 
marked diminution of osteoblastic activity. 
These 
with the observed x-ray findings (Fig. 6). 


microscopic observations correlate 


Fig. 3.—A _ representative section of the kidney 
shows preserved structure and congestion mainly 
confined to the glomeruli, 
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Fig. 4.—The glomerulus is markedly engorged 
with sickle cells and a collection of amorphous 
fluid is present in Bowman's space 


Comment 


The presence of the normal red cell count 
and hemoglobin associated with a positive 
sickling preparation undoubtedly meant that 
our patient had the sickle-cell trait. He did 
show several of the stigmata of sickle-cell 
anemia or hemoglobin S-C disease, i. e., 
bone changes by x-ray, a relatively small 
spleen, and infiltration of all organs with 
sickle cells. Terminally, scleral icterus, in- 
creased bilirubin, and nucleated red cells in 
the peripheral smear, despite a normal blood 
count, were noted, 

Focal siderofibrosis and increased trabec- 
ular fibrosis of the spleen were present. 
The importance of blood transfusions in 
the production of hemosiderosis has recent- 
ly been stressed.* Since our patient never 
received any blood transfusions, we must 
assume that siderofibrosis resulted from 
splenic infarction secondary to the hemolytic 
process which was present. This also ac- 
counted for the bone changes seen on x-ray 
film and the small spleen. Several of the 
symptoms of sickle-cell anemia were also 
present, i. ¢., bone, chest, and joint pains 
with fever. Whether the hemolytic process 
was constant or intermittent is difficult to 
state. The paucity of symptoms over many 
years favors the assumption of intermittent 
hemolytic episodes, whereas the roentgen 
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gorgement with sickle cells is noted. 


changes and hemosiderosis are in favor of 
a chronic process. 

Recent reports have stressed the impor- 
tance of low oxygen tension inducing 
splenic infarcts in patients with sickle-cell 


trait.*' These have been reported in mili- 
tary personnel flying at altitudes of 10,000 
to 15,000 ft. in nonpressurized cabins. Un- 
fortunately, samples of their peripheral 
blood smears were not available at the time 
of their initial symptoms. It remains to be 
determined whether these patients had sickle 
cells in their peripheral blood or whether 


Fig. 6.—The bony trabeculae are thinned, with 
marked diminution of osteoblastic activity. The 
marrow is hypercellular. 


Vol. 63, May, 1957 
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: Fig. 5.—The spleen shows increased trabecu- 
lar fibrosis and focal siderofibrosis. Marked en- 


the sickling was restricted to their organs. 
It must be stressed that our patient never 
showed sickle cells in the peripheral blood 
smear despite evidence of increased hemoly- 
sis. This would favor the sickling phenom- 
enon occurring in the various organs rather 
than in the peripheral blood. 

The production of azotemia is most in- 
teresting. There was little histologic evi- 
dence for pyelonephritis being the cause of 
the patient’s terminal uremia. Glomerular 
occlusion by sickle cells seems to be the 
more likely explanation. This could account 
for the bilateral costovertebral-angle tender- 
ness which was present. Uremia is not a 
prominent finding in sickle-cell anemia, and 
the benign nature of the renal lesion in the 
trait has been stressed.''"* In our patient 
the trait was apparently severe enough to be 
considered the principal cause of renal 
failure. 

Of all similar previously reported patients 
with sickle-cell trait, only one developed 
evidence of red cell destruction accompanied 
with a decrease in the red cell count and 
hemoglobin. The spleen of this patient was 
markedly enlarged; so we must presume 
he had a persistent, rather than an inter- 
mittent, hemolytic process. Our patient was 
never anemic; yet he had hematologic evi- 


RENAL FAILURE IN SICKLE-CELL TRAIT 


Analyses of Previously Reported Cases* 


dence of increased red cell destruction, i. ¢., 
bilirubinemia and peripheral normoblasts ; 
apparently his bone marrow could compen- 
sate for this hemolytic process. 

Analysis of the 23 previously (Table) 
reported cases of sickle-cell trait with un- 
usual manifestations’*® revealed the pa- 
tients’ ages to range from 14 to 80 years. 
No significant sex difference was observed. 
All save two were Negroes. The white 
patients were of Italian and Greek extrac- 
tion. Three were severely anemic and 
should be considered as having sickle-cell 
anemia. RKeticulocytosis was noted in three, 
one of whom had an intermittent anemia 
with normal blood values during remissions. 
Peripheral normoblasts were found in three ; 
bilirubinemia, in four (following blood 
transfusion in one). Sickle cells were never 
seen in any of the peripheral blood smears. 
A positive sickling preparation was re- 
corded in nine (two of whom were white). 
Bone changes compatible with sickle-cell 
anemia were found in two. Three patients 
had marked splenomegaly. Very small 
spleens were observed in three, two with 
a severe anemia. Siderofibrosis of the 
spleen was found in two. Cerebral infarcts 
were found in four; renal and pulmonary 
infarcts, in one, and splenic and renal in- 


Nue, 
Case RBC Serum Sickling Abnormal Hb X-Ray Spleen, 
Author No. RBC Hb/Gm. Retie. oe Bilirubin Bones Gm, 
1 5.15 550 
2 620 
4 25 
4 1.92 35% 25 
5 0. 12 + 
6 3.46 4% 2.5 
Canby et ai. 7 4.74 12.0 9% L.1.¢ 44 + 830 
Thompson et al. 8 4.96 15.0 110 
Green and Conley 4 5.47 12.0 LI. 10-15 + +(?) + 
0 5.64 2% 4 + 
r. i. 
il 5.06 12.3 9-30% Tot. 146 + + 
1.57 Dir. 0.7 + 00% F 
Ende et al. 13 AG 0! 
5.2 140 + MSF 8 
65.2% A 
0A% ¥ 
56 15.0 + 200 
44 14.0 + 8.A.; 05% 


Pratt-Thomas 
and Switzer 


Tellem et al. 


8-19 


Tot, 1.25 + + 


L.1.—teterie index. 
Tellem et al. 


* For Case 12 under Green and Conley and Case 21 under Pratt-Thomas and Switzer; no laboratory values were available. 


110 
ls 110 
78% 
16.0 
4.90 13.0 
4.79 12.5 
a“ 41m 14.1 
om 
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farets, in another. Paper electrophoresis of 
the hemoglobins were performed on_ the 
blood of three patients and gave the char- 
acteristic findings of sickle-cell trait. One 
was reported as showing an “abnormal 
hemoglobin.” Unfortunately, electrophore- 
sis of hemoglobin was not done in our pa- 
tient. One can assume that the pattern of 
sickle-cell trait, or the combination of hemo- 
globin S with another abnormal variant, 
would have been found. 


Summary 


A case of sickle-cell trait with unusual 
clinical, hematologic, and pathologic findings 
is reported. A review of similar cases in 
the previous literature is presented. Sickle- 
cell trait, per se, as a cause of renal failure 
is emphasized, 

L. W. Diggs, M. D., Director of Department 
of Medical Laboratories, University of Tennessee, 
College of Medicine, reviewed the slides on this 
patient. Harold J. Isard, M.D, and staff inter- 
preted the roentgen findings 


Department of Pathology, Albert Einstein Med 
ical Center, Southern Division (47) 
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Effects of Colchicine and Serratia Marcescens 


Polysaccharide on Protoplasmic Viscosity 


11. Influence of Reduced Protoplasmic Viscosity on Ehrlich Ascites Tumor Growth 


EDWIN T. NISHIMURA, M.D., and JOSEPH H. BAUM, 8.5., Chicago 


Introduction 


In our previous report! evidence was 
presented to show that Serratia marcescens 
polysaccharide, like colchicine, inhibits the 
mitotic Ehrlich tumor 
cells in vivo. The reduction in protoplasmic 
viscosity of tumor cells and the arrest of 
mitoses following the intraperitoneal admin- 


division of ascites 


istration of these substances into mice bear- 
ing the tumor were considered causally 
related. 

In dividing cells, the normal completion 
of mitosis probably depends on certain op- 
timal states of viscosity of the protoplasmic 
colloid.2* Accordingly, the development of 
spindle cannot proceed normally if the pro- 
toplasmic viscosity is lowered below a crit- 
ical level which is incompatible with mitotic 
gelation.*7 

This report presents the results of the 
effects of repeated administrations of Ser- 
ratia marcescens polysaccharide and of col- 
chicine U. S. P. on the growth pattern of 
Ehrlich ascites carcinoma in male Strong 
A mice. 


Materials and Methods 
Ehrlich 


maintained for two years by weekly transfers in 


ascites carcinoma* which had been 


Submitted for publication Nov. 15, 1956 
Department of Pathology, 
Medical School 

This investigation was aided by a grant (CP-76) 
from the American Cancer Society and by re- 
search grants (C-1005 and C-1750) from the 
National Cancer Institute of the National 
tutes of Health, U. S. Public Health Service 

* Originally obtained from Dr. Robert Schrek, 
Veterans Administration Hospital, Hines, III 


From the North- 


western University 


Insti- 


Mice 
10 to 14 days were used as 
donors. They were killed by cervical dislocation, 
and the ascitic-fluid samples were aseptically 
aspirated with sterile 22-gauge needles and tuber- 
culin syringes. 


Strong A mice was used for this study. 
bearing tumors of 


From each sample, 0.2 ml. was 
retained in the syringe for viability and nucleated 
cell counts, and the rest 


sterile test tube. 


into a 
Using a small aliquot from the 
syringe, the viability of tumor cells was estimated 
by Schrek’s technique” with 0.05% eosin in Ty 
rode 
syringe, the 


was transferred 


solution. From another aliquot in the 
suspension diluted 
1:200 with an erythrocyte-diluting pipette, using 
a diluent consisting of 0.85% NaCl solution to 
fill about one-half volume of the pipette, followed 
by a 1% HCI solution for the remainder. By this 
technique, coagulation of the protein-rich ascitic 
fluid was prevented. The suspension was thor 
oughly mixed, and the nucleated cell count t was 
made, using Bright-Line hemacytom 
eter.t After viability, the 
aseptic suspension from the test tube was diluted 
with sterile 0.85% NaCl solution so that the final 
preparation constituted 10,000,000 viable 
cells per milliliter 


ascitic-fluid was 


a Spencer 
correction for cell 


tumor 
Male Strong A mice between the ages of 3 to 6 


months were used in this study 
tered in an 


They were quar- 
air-conditioned room and given un 
restricted amounts of Rockland Mouse Pellets and 
water, 2,000,000 
growth 
curve for these mice was determined in the manner 
described by 


Each was given an inoculum of 
viable tumor cells intraperitoneally. The 


Klein and Révész* and Révész and 
Klein.” Briefly, the method allowed the determina 
total number of 


tion of the tumor cells in each 


animal after the initial tumor inoculation and at 
various moments of the active growth period of 
the tumor. For the estimation of the total tumor 
cells in a given animal, the necessary procedures 
followed after killing the mice at 24- and 48-hour 


intervals are as follows: 


+ 90% were tumor cells in mice with 10- to 14 
day-old tumors 
t American Optical Company, Buffalo 
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(a) Determination of the number of nucleated 
cells per milliliter of the ascitic fluid 

(b) Viability count of tumor cells using 0.05% 
eosin in Tyrode solution 

(c) Differential cell count of the ascitic-fluid 
suspension to estimate the extent of leukocytic 
exudation 

(d) Cell-packed volume determination of the 
ascitic-fluid suspension 

(e) Determination of the total ascitic-fluid 
volume, using the sulfobromophthalein (Brom- 
sulphthalein) dilution method 

All procedures were followed as previously de- 
scribed,” but slight modifications were made by 
us in two tests. Since, in this investigation, toxic 
substances were administered to determine their 
effects on the growth of the tumor, we considered 
the estimations of the tumor-cell viability and the 
degree of leukocytic infiltration into the ascitic 
fluid to be important. For counting the viable 
tumor cells, Schrek’s technique was found quite 
adequate and easily performed. For the purpose 
of cellular differentiation we preferred the use of 
methyl green-pyronin Y stain to the Papanicolaou 
stain, described by Klein and Révész. By this 
method, the cytoplasm of the tumor cells was 
stained dark pink to lavender, while the nuclei 
appeared greenish blue. The cytoplasm of poly- 
morphonuclear leukocytes remained pale and al- 
most colorless, but the nuclei appeared greenish 
blue, as in the tumor cells. Very few lymphocytes 
appeared in the peritoneal fluid; however, when 
present, they offered no difficulty in identification 
because of their characteristic nuclei. The staining 
procedure for the determination of total tumor 
cells consisted of smearing the ascitic-fluid samples 
from the animals that were killed on clean micro- 
scopic slides. The slide preparations were then 
dried in air and stained, without fixation, using 
the methyl green-pyronin Y method described by 
Taft.” 

For estimation of the cell-packed volume of 
the ascitic-fluid suspensions, a microhematocrit 
method § was used. The technique was standard- 
ized so that three capillary tubes were employed 
for each sample and the average value was taken 
for the growth data. 


Experiments and Results 


The growth of Ehrlich ascites carcinoma 
in male Strong A mice with an initial inoc- 
ulum of 2,000,000 tumor cells was reported 
earlier.' The pattern during the cube-root 
growth phase was found to be essentially the 
same as that described by Klein and 
§ International Hemacrit Centrifuge, Model 
PR-2, International Equipment Co., Boston. 
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Révész® for their 1,800,000-cell inoculum. 
This growth curve was therefore used in 
our present investigation for the purpose 
of evaluating the effects of repeated intra- 
peritoneal injections of Serratia marcescens 
polysaccharide (MP5LL4), colchicine, or 
0.85% NaCl solution (solvent control) on 
the tumor development. 

1. Effect of MP5LL4 Polysaccharide Ad- 
ministration.—A. The mice were divided 
into two groups 24 hours after intraperito- 
neal inoculations of 2,000,000 tumor cells. 
One group, of 10 mice, was started on 
three intraperitoneal injections of 30y of 
MP5LL4 polysaccharide || daily. In these 
mice the first injection was given at 8 a.m., 
the second at 1 p.m., and the third at 5 to 
6 p.m. To parallel this experiment, a second 
group, of 11 mice, was used as a control, 
and each animal was given three injections 
of 0.33 ml. of 0.85% NaCl solution at the 
times indicated above. 

Pairs of mice from each group were 
killed 48 hours after the initial tumor inocu- 
lation and at intervals of 24 hours there- 
after. For the 144-hour sample, three 
control mice receiving injections of isotonic 
saline solution were killed instead of the 
usual pair. 'rom each animal a total count of 
viable tumor cells was made, as outlined in 
the preceding section. 

B. In another experiment the mice were 
also separated into two groups after the 
initial tumor inoculation. A group of 14 
mice were started on repeated intraperito- 
neal injections of 20y of MP5LL4 poly- 
saccharide {| every five hours around the 
clock. The first dose, as before, was given 
24 hours after the tumor inoculation. 
Eleven control mice bearing the tumor were 
given 0.2 ml. of 0.85% NaCl solution intra- 
peritoneally every five hours, as in the mice 
above. Two animals from each group were 
killed daily for five consecutive days. The 
first set was killed three hours after the 
initial dose of the polysaccharide. The sam- 


|| From a stock solution containing 100y per 
milliliter of 0.85% NaCl solution. 

{From a stock solution containing 100y per 
milliliter in 0.85% NaCl solution. 
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ples for the sixth determination were taken 
168 hours, and for the seventh, 216 hours, 
following the tumor inoculation. The total 
tumor-cell determinations were made as 
before. 

Repeated injections of the polysaccharide 
in the two preceding experiments show no 
effect on the viability of tumor cells, since 
the values were within the average range 
of untreated or saline-treated controls of 
95% to 98%. Multiple polysaccharide in- 
jections, however, caused the percentage of 
leukocytes to increase from an over-all mean 
of 36% of the total nucleated cells in the 
ascitic fluid, for the saline-treated controls, 
to a mean of 70%, for the group receiving 
three polysaccharide injections daily, and of 
71%, for the animals receiving injections 
every five hours. 

The results of the tumor growth in mice 
which received MP5LL4 polysaccharide or 


a 


GROWTH 


saline show no apparent difference in the 
pattern of neoplastic growth for these ani- 
mals (Figure). The line drawn through the 
mean values of the scattergram is essentially 
the same as the curve for the untreated tu- 
mor cells described in our previous work. 

Il. The Effect of Repeated Colchicine 
Administration.—Since 0.85% NaCl solu- 
tion, used to dissolve the MP5LL4 polysac- 
charide and colchicine U. S. P., was shown 
to have no effect on the tumor growth, fur- 
ther controls using this solvent were not 
examined, 

For this portion of our study, 36 mice 
with a 24-hour growth of tumor from an 
initial of 2,000,000 cells 
given daily intraperitoneal colchicine injec- 
tions of 1.0y per gram of body weight.# 


inoculum were 


# From a stock solution containing 80y/ml. in 
085% NaCl solution, 


144 


336 


192 240 288 


Hours 


Scattergram showing the effects of MP5LLA4 polysaccharide, colchicine, and saline admin- 


istration on the growth of Ehrlich ascites tumor. 


Half-solid circles represent MPS5LL4 


polysaccharide, 20y every five hours; circles, MPSLLA polysaccharide, Sy three times. daily ; 
triangles, colchicine, ly per gram of body weight per day; solid circles, 0.85% NaCl three 
or five times daily. All injections were given intraperitoneally. 
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Three mice were killed two hours after the 
first dose of colchicine. The remainder were 
killed in groups of four at intervals shown 
in the Figure, except that three and two 
mice were used for the periods representing 
264 and 336 hours, respectively. The total 
cell-count determination was made for each 
animal in the manner already discussed. 

The results presented in the Figure show 
a marked inhibition of tumor growth for 
at least 216 hours with daily intraperitoneal 
injections of colchicine. This is in sharp 
contrast to the absence of any effect on the 
growth with MP5LI4 polysaccharide. After 
216 hours, a rise of probable significance 
in the growth curve is noted for the colchi- 
cine-treated group. 

IIL. Production of Antibody to MP5LL4 
Polysaccharide and Development of Resis- 
tance to Colchicine.—Since both MP5LL4 
polysaccharide and colchicine were effective 
in causing a temporary arrest of mitosis at 
metaphase in this tumor,’ experiments were 
designed to determine what factors were re- 
sponsible for blocking the continued mitosis- 
inhibiting action of these substances. Two 
possibilities were considered—the elabora- 
tion of antibody by the host against the test 
substance and the development of resistance 
or tolerance by the tumor cells against the 
substance under investigation. 

A. Serratia marcescens polysaccharide 
has been shown to possess antigenic prop- 
Several experiments were per- 
formed to determine whether an antibody 
was produced against this substance by the 
host after one or more intraperitoneal 
injections, 

1. In our previous work, the intraperito- 
neal administration of MP5LLA4 polysaccha- 
ride into mice with Ehrlich ascites 
carcinoma was shown effectively to reduce 
the protoplasmic viscosity of tumor cells 
from a mean viscosity value of 0.97+0.02 
to 0.66+0.04 for a duration of less than 
five hours.’ Since the reduction in proto- 
plasmic viscosity was shown to precede the 
development of metaphase arrest, and since 
we, among others, believe that these phe- 
nomena are causally related, the effect of 
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repeated administrations of the polysaccha- 
ride on the viscosity of tumor cells was 
determined. One mouse bearing a tumor 
of 10 days’ growth was given 30y of 
MP5LL4 polysaccharide intraperitoneally. 
After 24 hours, a test dose of 30y of 
MP5LL4 polysaccharide was given intra- 
peritoneally. Fifteen minutes later a sample 
was aspirated from the abdominal cavity, 
and, after making a base count of polar cells, 
a standard centrifugation test was made for 
the determination of the viscosity value 
(VV), as previously 

In another experiment three mice with 
tumor were given 20y of the polysaccharide. 
Three days later a test dose of 20y was 
administered into the abdominal cavity of 
each. Fifteen minutes after this dose the 
VV of the aspirated tumor sample was de- 
termined for each mouse, 

In the last experiment of this series, two 
mice bearing the tumor were given 20y of 
MP5LL4_ polysaccharide _intraperitoneally 
every five hours for a total of 21 injections. 
Seven days after the first injection a test 
dose of 20y was administered. Fifteen 
minutes later samples were drawn, and the 
VV determinations were made for each. 

The results of these experiments are 
shown in Table 1, The mean viscosity value 
(MVV) of 1.00+0.02 after the final test 
dose indicates no reduction in protoplasmic 
viscosity. 

2. Since the preceding in vivo experi- 
ments showed that the action of MP5LL4 
polysaccharide on the tumor cells is blocked 
after one or more injections, an in vitro test 
was designed to determine whether or not a 
protective antibody-like agent developed 


Taste 1.—Jn Vivo Immunity Test Against 
MP5LL4 Polysaccharide 


Dose 
Injection, 
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4 
7 
: 
4 
Time Lapse 

Animal No. Between Viscosity 
5 No. Injections First and Value 
Prior to Test Dose, (VV) 
Test Dose Days 
IM-1 30 i 0.99 
4 IM-2 » 1 3 1.00 
IM-3 1 3 1.05 
IM-4 » 3 1.03 
Z R-3 20 21 7 0.94 
R-4 n 21 7 0.96 
4 Mean = 1.06 
: = 40m 
4 
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Taste 2.—In Vitro Immunity Studies with MP5LL4 Poiysaccharide 


Time La 


Animal No. Dose ‘Injection, No. Injections 
7 Prior to Test 
Dose 


against the polysaccharide and made its ap- 
pearance in the ascitic fluid. 

One mouse with 10 days’ growth was 
given two intraperitoneal injections of 
MP5LL4 polysaccharide of 30y each, with 
an interval of 24 hours. In another group 
three mice with 10-day-old tumors were 
given 20y of the polysaccharide every five 
hours for a total of 21 injections. After 
variable periods following the last injection, 
the mice were killed and the ascitic-fluid 
suspensions were drawn for the tests. Each 
1 ml. sample was first diluted with an equal 
volume of 0.859% NaCl solution and after 
mixing thoroughly, the samples were centri- 
fuged slowly at approximately 1000 rpm 
on a standard clinical centrifuge for five 
minutes. The supernatant fluid was dis- 
carded, and the cells were resuspended and 
washed twice in 5 ml. of isotonic saline using 
slow centrifugation. The eriginal volume of 
1.0 ml. was then reconstituted with 0.85% 
saline solution. After making the base 
counts of polar cells, ly to 30y of MP5LL4 
polysaccharide was added (Table 2) to the 
washed-cell suspensions, and the mixtures 
were centrifuged by the high-speed tech- 
nique for the determination of viscosity 
values. The results shown in Table 2 sug- 
gest the presence of a protective antibody 
in the ascitic fluid which is readily removed 
from the tumor cells by washing with iso- 
tonic saline solution, 

In a further modification of the in vitro 
test, six mice with turaors of 7-10 days’ 
growth were “immunized” against MP5LLA 
polysaccharide by administering intraperito- 
neally one or two injections of 20y of the 
polysaccharide. Three days after the last 
dose of MP5LL4 polysaccharide, the ani- 
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Amt. Used 
for Test, ¥ 


Before 
Washing 


1.00 
O85 
0.98 
0.06 


0.04 
+£0.04 


mals were killed and their ascitic fluid was 
aspirated. The suspensions were pooled and 
centrifuged at a low speed for 10 minutes, 
and the supernatant fluid was separated and 
kept in the refrigerator until ready for use. 
The packed tumor cells were discarded. For 
controls, six mice with tumors, but without 
previous polysaccharide injections, were 
killed and the ascitic-fluid supernate was 
prepared in a similar manner and refriger- 
ated as before. Four untreated mice bearing 
tumors of 10 days’ growth were killed and 
their ascitic fluid was aspirated. Each tumor 
sample was then separated into two aliquots 
of 1.0 ml. each. To one aliquot, 1.0 ml. of 
the treated ascitic fluid was added. To the 
other aliquot, 1.0 ml. of untreated (control) 
supernatant ascitic fluid was introduced, For 
testing the effect of the polysaccharide on 
the cells, 1.0y of MP5LL4 polysaccharide 
was added to each mixture. After standing 
for 15 minutes, the mixtures were centri- 
fuged by the standard method at 10,000g 
for 30 minutes at 0 C. The viscosity values 
were determined as before. The results in 
Table 3 clearly show that the “immune” 
ascitic fluid effectively neutralizes the vis- 
cosity-reducing activity of MP5LL4 poly- 
saccharide. 


TABLE 3.—Protective Antibody Against 
Polysaccharide: in Vitro Test 


Amount of Untreated Tumor Untreated nur 
MP5LLA Cells plus Cells 


per Test, “Unimmunized” “Immune” 
Ascitic Fluid Ascitic Fluid 


VV 
Between First = 
and Test Dose, P| After 
Days Washing 
SP8-5 30 2 1 1 0.52 
s-4 2» 21 5 0.63 
S-5 20 21 5 6.75 
K4 21 7 0.61 
Mean 
Animal 
No. 
= 
IM# 1 0.76 ly 
IM-5 OM i 
IM4 0.62 1,00 
IM-7 1 0.9% 
Mean 7 0.71 1.01 
8.E. +008 +001 
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Taste 4.—Effects of Colchicine on Tumor Cells Previously Treated with 
Multiple Injections of the Drug 


VV After Test Dose 


Animal No Total * Dose of Colchicine of Colchicine 
Colchicine > 


Mean 


I. The effect of repeated colchicine 
injections in mice with Ehrlich ascites tumor 
was shown to depress the growth curve 
(Figure), although none of the 36 mice 
showed a complete absence of tumor cells 
in the samples of peritoneal fluid. At 264 
and 336 hours a definite increase in the total 
number of tumor cells was noted for three 
animals. We considered this increase to be 
significant and believed that it was related 
to increased resistance or tolerance of the 
tumor cells to colchichine at the dosage 
maintained in this experiment. The loss of 
effectiveness of colchicine by repeated in- 
jections of the aikaloid in mice with Ehrlich 
ascites tumor was reported by others,’7'* 
It might be expected that a test dose ad- 
ministered to animals with tumor cells which 
have been made resistant to the drug by a 
series of colchicine injections would have 
little or no viscosity-reducing effect. Ac- 
cording to this view, the mitotic index 
should not increase in pretreated animals 
as a result of the metaphase arrest, since 
the cell viscosity necessarily remains un- 
altered. To test this concept experimentally, 
five mice with 7- to 10-day tumors were 
given intraperitoneal injections of colchicine 
daily for five or six days with a dose of 
1.0y per gram of body weight per day. 
Twenty-four hours after the last injection, 
samples of ascitic fluid were drawn, and a 
final test dose in the amount previously 
given was administered, Ascitic-fluid sam- 
ples were then taken at 15 minutes and 17 
hours after the test dose. The viscosity 
values were determined and the smears made 
as before for each sample. The smears were 
stained by the HCl-acctic acid-orcein stain- 
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15 Min 71 


* Given over a period of five to six da: s. Does not include the final test dose of 1.0 y/gm. wt. 


MI After Test Dose 


ing technique ' for the determination of the 
mitotic index, 

The results tabulated in Table 4 show 
that there is no effect on the viscosity values 
at 15 minutes or at 17 hours. Furthermore, 
no significant effect on the mean mitotic 
index is noted at 17 hours. Samples from 
Animal CR 4, however, show a slight rise 
in the mitotic index, from 1.8 to 3.6. With 
this one exception, no elevation of the mi- 
totic index is encountered. These results 
support the contention that the development 
of mitotic inhibition by colchicine in Ehrlich 
ascites tumor is related to, and probably 
dependent upon, the reduction of viscosity 
in the protoplasm of the tumor cells.’ 


Comment 


The biological effects of Serratia marces- 
cens polysaccharide have been studied ex- 
tensively because of the ability of the 
substance to produce hemorrhage and necro- 
Sis in some experimental tumors of animals. 
For reasons yet unknown, this substance 
injures, and sometimes completely destroys, 
certain malignant tumors of mesenchymal 
origin when administered to mice bearing 
these neoplasms.'**! Malignant epithelial 
tumors, on the other hand, seem less affected 
by the action of the polysaccharide.” The 
tumor-necrotizing activity of this complex 
substance has been attributed to the phenom- 
enon of the Shwartzman 
Studying the polysaccharide from another 
approach, Heilbrunn and Wilson® showed 
that it inhibits mitotic division in eggs of 
the sea annelid Chaetopterus by reducing 
the protoplasmic viscosity. They believe that 
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ss 0 Hr. 0 17 Hr. 
72 6.91 0.91 1.00 2.0 2.2 
72 0.9% 0.9% 0.9% 15 1.0 
= CRS 72 1.04 1.04 0.97 2.5 2.0 
72 Ow” 0.95 1.03 1s 3h 
‘ CRS 0.93 0.96 0.97 09 1.7 
0.97 0.97 0.9% 17 2.1 
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interference with mitotic gelation, which, in 
turn, prevents spindle formation, results in 
mitotic arrest. In our previous report, a 
preparation of Serratia marcescens poly- 
saccharide labeled MP5LL4 was obtained 
through the courtesy of Dr. Hugh J. Creech, 
of the Institute for Cancer Research of 
Philadelphia, and this material was exam- 
ined for its ability to inhibit mitoses of 
Ehrlich ascites tumor. The substance was 
found effectively to reduce the protoplasmic 
viscosity of Ehrlich ascites tumor cells. Two 
intraperitoneal injections of the polysaccha- 
ride at an interval of five hours resulted in 
the arrest of tumor-cell division at meta- 
phase.' From the results of our present 
investigation, it is obvious that repeated 
administrations of MP5LL4 polysaccharide 
have no effect on the growth of Ehrlich 
ascites carcinoma in male Strong A mice. 
As with the observations of Klein,** our 
data do not out the findings of 
Sugiura,*” who reported inhibition of the 
ascitic form of Ehrlich carcinoma by daily 
intraperitoneal administrations of an older 
preparation of Serratia marcescens poly- 
saccharide (P-35), although he did note 
that the substance had no effect on the solid 
form of this tumor. 

Our experimental results suggest that the 
hosts respond to the administration of 
MP5LL4 polysaccharide by a production of 
antibody. This antibody-like substance can 
be detected in the ascitic fluid, where the 
neutralization of the viscosity-reducing ac- 
tion of the polysaccharide is readily demon- 
strable. It apparent that repeated 
injections of MP5LL4__ polysaccharide, 
which are theoretically required for pro- 


bear 


1s 


longing the state of reduced viscosity in 
tumor cells, result in prompt formation of 
antibody-like substance by the host. This 
agent then neutralizes the polysaccharide, 
and the mitosis-inhibiting activity is there- 
fore nullified, 


The inhibition of mitosis by colchicine 
has been attributed also to the viscosity- 
reducing action of the cell protoplasm by 
this alkaloid.**** Colchicine and its deriva- 
tives have been reported as prolonging the 
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survival time of mice with Ehrlich ascites 
carcinoma.'**" The effect of repeated doses 
of colchicine on the growth of Ehrlich 
ascites carcinoma, with the injections of the 
drug begun soon after the inoculation of the 
tumor, can readily be ascertained during the 
cube-root growth phase of the tumor ( lig- 
ure). Our data show that multiple injec- 
tions of colchicine, initially, result in a 
carcinostatic effect, since at no time is com- 
plete absence of tumor cells from the ascitic 
fluid demonstrated. Furthermore, it 
shown that the carcinostatic effect can be 
overcome eventually if the injections are 
continued for several days without changing 
the dosage. This view is in accord with that 
of Klein et al.'"* The loss of effectiveness 
of colchicine on repeated administrations in 
mice with Ehrlich ascites tumor has been 
observed by others, Lettré and Kramer ™ 
considered this phenomenon to be the result 
of drug resistance and have actually devel- 
oped a strain of N-methyl-colchicamide- 
resistant Ehrlich tumor cells after 24 
transplant generations. Klein, Klein, and 
Klein,’* using daily administrations of col- 
chicine for 12 successive transplant genera- 
tions, were not able to detect evidence of 
decreased sensitivity of the tumor to colchi- 
cine. Without using the prolongation of 


Is 


survival time as a basis for the determina- 
of our data 
show that repeated injections of colchicine 
result 


tion colchicine resistance, 
or toler- 
cells to the drug 
by the effect on 
the protoplasmic viscosity and changes in 
the mitotic When the 
values and the mitotic index are used as 


increased resistance 


the 


measured 


in 


ance by tumor 


action as 


index, viscosity 
criteria for comparison, colchicine is shown 
to have little or no effect on the tumor cells 
after five to six injections of the alkaloid, 
If the treated (resistant) tumor cells are 
transferred intraperitoneally into normal 
mice and no further colchicine treatment is 
given during the development of the suc- 
ceeding generation of tumor cells, then the 
drug is again found to be effective in reduc- 
ing the protoplasmic viscosity of the tumor 
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cells in this generation." The effects of 
increasing the dosage of colchicine on drug- 
resistant tumor cells are not known. From 
these observations and from the effect on 
the growth curve, it is apparent that tumor 
cells can overcome the carcinostatic action 
of colchicine by developing resistance to the 
drug. 

Although MP5L1L4_ polysaccharide and 
colchicine were shown to inhibit mitotic 
division in our previous study, their influence 
on the growth of Ehrlich ascites carcinoma 
depends on at least two unrelated phenom- 
ena. In the case of the polysaccharide the 
important factor is the host’s production of 
antibody against it, whereas with colchicine 
the development of increased drug resistance 
by the tumor cells appears to be the major 
reason. No data were collected to determine 
whether drug resistance was a factor in 
MP5LL4_ polysaccharide treatment or 
whether antibody response to colchicine ever 
developed in the hosts. 


Summary 


Inhibition of cell division may depend on 
the prevention of mitotic gelation brought 
about by substances which lower the vis- 
cosity of the cell protoplasm. The effect of 
diminished protoplasmic viscosity of tumor 
cells on the growth rate of Ehrlich ascites 
tumor was investigated, using Serratia 
marcescens polysaccharide and colchicine as 
viscosity-reducing agents. Repeated intra- 
peritoneal injections of the polysaccharide 
administered three to five times daily into 
mice initially inoculated with 2,000,000 
tumor cells were shown to have no effect 
on the rate of tumor growth. On the other 
hand, one injection of colchicine daily into 
mice similarly inoculated with the tumor 
resulted in a pronounced carcinostatic effect, 
which lasted for 216 hours. After this 
period, the growth of the tumor was not 
inhibited effectively by prolonging the ad- 
ministration of the drug. 

The evidence presented here indicates that 
early elaboration of antibody-like substance 
by the host neutralizes the viscosity-reducing 
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action of Serratia marcescens polysaccha- 
ride. In the case of colchicine, the develop- 
ment of drug resistance in tumor cells, after 
repeated doses, results in a loss of response 
by the cells to the viscosity-reducing effect 
of this alkaloid. We therefore believe that 
complete inhibition of tumor growth cannot 
be attained with these substances under the 
conditions in which our experiments were 
conducted. 


Dr. William B. Wartman gave encouragement 
and suggestions in this investigation. 

Northwestern University Medical School, 303 
FE. Chicago Ave. (11). 


REFERENCES 


1. Nishimura, E. T., and Baum, J. H.: Effects 
of Colchicine and Serratia Marcescens Polysac- 
charide on Protoplasmic Viscosity: I. Relationship 
of Protoplasmic Viscosity to Cell Division of 
Ehrlich Ascites Tumor Cells, A.M.A. Arch. 
Path. 63 :352, 1957. 

2. Heilbrunn, L. V.: An Outline of General 
Physiology, Ed. 3, Philadelphia, W. B. Saunders 
Company, 1952. 

3. Heilbrunn, L. V.: The Dynamics of Living 
Protoplasm, New York, Academic Press Inc., 1956. 

4. Heiltrunn, L. V., and Wilson, W. L.: Effect 
of Heparin on Cell Division, Proc. Soc. Exper. 
Biol. & Med. 70:179-182, 1949. 

5. Heilbrunn, L. V., and Wilson, W. L.: Effect 
of Bacterial Polysaccharide on Cell Division, 
Science 112:56-57, 1950. 

6. Heilbrunn, L. V., and Wilson, W. L.: Pre- 
vention of Cell Division by Anti-Clotting Agents, 
Protoplasma 39 :389-399, 1950. 

7. Heilbrunn, L. V.; Wilson, W. L., and Hard- 
ing, D.: The Action of Tissue Extracts on Cell 
Division, J. Nat. Cancer Inst. 11:1287-1298, 1951. 

8. Schrek, R.: Method for Counting the Viable 
Cells in Normal and in Malignant Cell Suspen- 
sions, Am. J. Cancer 28 :389-392, 1936. 

9 Klein, G., and Révész, L.: Quantitative 
Studies on the Multiplication of Neoplastic Cells 
in Vivo: |. Growth Curves of the Ehrlich and 
MCIM Ascites Tumor, J. Nat. Cancer Inst. 14: 
229-277, 1953. 

10. Révész, L., and Klein, G.: Quantitative 
Studies on the Multiplication of Neoplastic Cells 
in Vivo: Il. Growth Curve of 3 Ascites Lympho- 
mas, J. Nat. Cancer Inst. 15:253-273, 1954. 

11. Taft, E. B.: The Problem of a Standardized 
Technic for the Methyl-Green-Pyronin Stain, 
Stain Tech. 26:205-212, 1951. 

12. Creech, H. J.; Hamilton, M. A., and Diller, 
I. C.: Comparative Studies of the Immunological, 


Vol. 63, May, 1957 


4 
: 


PROTOPLASMIC VISCOSITY AND TUMOR GROWTH 


Toxic and Tumor-Necrotizing Properties of 
Polysaccharides from Serratia Marcescens (Bacil- 
lus Prodigiosus), Cancer Res. 8:318-329, 1948. 

13. Creech, H. J.; Hamilton, M. A.; Nishimura, 
E. T., and Hankwitz, R. F., Jr.: The Influence 
of Antibody-Containing Fractions on the Lethal 
and Tumor-Necrotizing Actions of Polysaccha- 
rides from Serratia Marcescens (Bacillus Prodi- 
giosus), Cancer Res. 8:330-336, 1948. 

14. Creech, H. J.; Hankwitz, R. F., Jr, and 
Wharton, D. R. A.: Further Studies of the Im- 
munological Properties of Polysaccharides from 
Serratia Marcescens (Bacillus Prodigiosus): I. 
Effects of Passive and Active Immunization on 
Lethal Activity of Polysaccharides, Cancer Res. 
9:150-157, 1949. 

15. Wharton, D. R. A., and Creech, H. J.: 
Further Studies of the Immunological Properties 
of Polysaccharides from Serratia Marcescens 
(Bacillus Prodigiosus): II. Nature of the Anti- 
genic Action and the Antibody Response in Mice, 
J. Immunol. 62:135-153, 1949. 

16. Nishimura, E. T.; DiPaolo, J. A., and Hill, 
W. T.: Studies on the Viscosity of the Cytoplasm 
of Mouse Ehrlich Ascites Tumor Cells, A. M. A. 
Arch. Path. 59 :487-494, 1955. 

17. Lettré, H.; Krapp, R., and Ochsenschlager, 
M.: Wirkungen des Colchicins und N-Methlcol- 
chicamids auf die mitose der Zellen des ».ause- 
Ascites tumors, Ztschr. Krebsforsch. 57 :142-150, 
1950. 

18. Klein, G.; Klein, E., and Klein, E.: The 
Viability and the Average Desoxypentosenucleic 
Acid Content of Micronuclei-Containing Cells 
Produced by Colchicine Treatment in the Ehrlich 
Ascites Tumor, Cancer Res. 12:484-489, 1952. 

19. Shear, M. J.: Effect of a Concentrate from 
B. Prodigiosus on Subcutaneous Primary Induced 
Mouse Tumors, Cancer Res, 1:731-732, 1941. 

20. Shear, M. J.: Chemical Treatment of 
Tumors: IX. Reactions of Mice with Primary 
Subcutaneous Tumors to Injections of a Hemor- 


rhage-Producing Bacterial Polysaccharide, J. Nat. 
Cancer Inst. 4:461-476, 1944. 

21. Diller, I. C.: Degenerative Changes In- 
duced in Tumor Cells by Serratia Marcescens 
Polysaccharide, Cancer Res. 7 :605-626, 1947. 

22. Shwartzman, G.: Reactivity of Malignant 
Neoplasms to Bacterial Filtrates: I. Effect of 
Spontaneous and Induced Infections on the Growth 
of Mouse Sarcoma 180, Arch. Path. 21:284-297, 
1936. 

23. Shwartzman, G.: Phenomenon of Local Skin 
Reactivity to Serratia Marcescens (B. Prodi- 
giosus): Immunological Relationships Between 
Serratia Marcescens Culture Filtrates and Shear 
Polysaccharide, Cancer Res. 4:191-196, 1944, 

24. Klein, G.: Production of Ascites Tumors in 
Mice and Their Use in Studies on Some Biological 
and Chemical Characteristics of Neoplastic Cells, 
Uppsala Almqvist & Wiksells International Book 
Sellers, 1951, 

25. Sugiura, K.: Effect of Various Compounds 
on the Ehrlich Ascites Carcinoma, Cancer Res. 
13:431-441, 1953. 

26. Ostergren, G.: Colchicine Mitosis, Chromo- 
some Contraction, Necrosis and Protein Chain 
Folding, Hereditas 30 :429-467, 1944. 

27. Beams, H. W., and Evans, T. C.: Some 
Effects of Colchicine upon the First Cleavage in 
Arbacia Punctulata, Biol. Bull, 79:188-198, 1940. 

28. Northen, H. T.: Alterations in the Struc- 
tural Viscosity of Protoplasm by Colchicine and 
Their Relationship to C-Mitosis and C-Tumor 
Formation, Am. J. Bot. 37:705-711, 1950. 

29. Creech, H. J.; Hauschka, T. S.; Hankwitz, 
R. F., Jr.; Littleton, B. J., and Andre, J.: Studies 
with Four Distinct Lines of the Ehrlich Ascites 
Tumor, for the Evaluation of 27 Potential In- 
hibitors, Cancer Res. Supp. 3, pp. 47-51, 1955. 

30. Lettré, H., and Kramer, W.: Eine gegen 
Colchicin resistente Abrat des Mause-Ascites- 
tumors, Naturwissensch. 39:117, 1952. 

31. Nishimura, E, T.: Unpublished observations. 


Obituaries 


CARL VERNON WELLER, M.D. 
1887-1956 


Carl Vernon Weller, Professor and former Chairman of the Department of 
Pathology at the University of Michigan Medical School, died suddenly in Ann 
Arbor on Dee, 10, 1956, of coronary arterial thrombosis, at the age of 69. 

He was born in St. Johns, Mich. on Feb. 17, 1887. He received an A.B. 
degree from Albion College in 1908 and was awarded an honorary Sc.D. degree in 
June, 1956, by his alma mater. He received an M.D. degree in 1913 and an M.S. 
degree in 1916, both from the University of Michigan. He was made an instructor 
in pathology in 1911 and became Chairman of the Department of Pathology in 
1931, upon the death of Dr, Aldred S. Warthin. He began his retirement furlough 
on July 1, 1956, 

Dr. Weller married Elsie Huckle in 1913, and they have two sons. Dr. Thomas 
H. Weller is Strong Professor and Chairman of the Department of Tropical 
Public Health at Harvard University School of Public Health. Dr. John M. 
Weller is Assistant Professor of Internal Medicine at the University of Michigan 
Medical School. 

The editorship of The American Journal of Pathology, which Dr. Weller had 
held since 1941, was a continuing project for him at the time of his unexpected 
death. He was also Chairman of the Scientific Advisory Board of the Armed 
Forces Institute of Pathology. He had been active in many national medical 
societies and served as president of the Michigan Pathological Society in 1931, 


CARL VERNON WELLER 
1687-1956 


4 

: 
4 
4 

‘ 

= 

JF, 

| 522 


CARL VERNON WELLER 


the American Society for Experimental Pathology in 1933, the International 
Association of Medical Museums in 1938, and the American Association of 
Pathologists and Bacteriologists in 1938 and 1939. 

He was honored by being invited to deliver the Mellon Lecture in 1941, the 
Macgregor Memorial Lecture in 1951, and the Beaumont Lecture in 1955. An 
additional recent honor was the establishment of the Carl V. Weller Lecture by 
the Michigan Pathological Society. Dr. Howard T. Karsner delivered the first 
Carl V. Weller Lecture on the subject “The Place of Pathology in Biomedical 
Research” on Dec. 8, 1956. 

Dr. Weller was a great teacher, a tissue diagnostician of wide experience, and 
a meticulous medical writer and editor. He was respected by students, staff, and 
colleagues in the Medical School and University as a leader who was devoted to 
medicine and to the finer aspects of life. His death closed the career of one 
of the great pathologists of this century. 


News and Comment 


ANNOUNCEMENTS 
Fellowship in Forensic Medicine: Western Reserve University School of Medicine.— 


Training in forensic medicine is offered by the Department of Pathology of Western Reserve 
University to qualified persons with a minimum of three years’ experience in general path- 
ology. The appointment is for one year, and the period of training is accredited by the 
American Board of Pathology. The annual stipend is $5000. 

The practical work is carried on in the new Cuyahoga County Coroner's laboratories, 
located on the campus of Western Reserve University, and includes approximately 1200 
medicolegal autopsies per year. 

Personnel and facilities for training in gross and microscopic pathology, forensic chem- 
istry (toxicology), gross and photomicrography, trace evidence, and forensic immunology 
are excellent. Fellows will have an opportunity to participate in “on-the-scene” investigation 
of violent, suspicious, and unexplained deaths. Instruction is provided in the administrative 
aspects of the modern medicolegal office and legal procedures affecting forensic medicine. 
An active research program is in progress in several phases of forensic medicine. 

Experience in courtroom work is an essential part of the program, and special attention 
will be devoted to instruction in the presentation of medical evidence in civil and criminal 
proceedings, both in trial courts and before the Grand Jury and Industrial Commission. 

The Cuyahoga County Coroner's Office is an integral part of the Law-Medicine Center 
of Western Reserve University, where courses are offered throughout the year to attorneys, 
law students, physicians, medical students, law enforcement officials, etc. Fellows will be 
encouraged to participate actively in the teaching program. 


Course in Ultramicrochemical Methods, Harper Hospital.—The Department of 
Pathology of Harper Hospital, Detroit, will offer a five-day course in ultramicrochemical 
methods adapted to hospital laboratory use on April 22 to 26, 1957. This course will be open 
to a limited number of pathologists, biochemists, residents in pathology, and technologists 
sponsored by pathologists. Further information may be obtained from Edwin M. Knights 
Ir, M.D., Department of Pathology, Harper Hospital, Detroit 1. 


Oak Ridge Institute of Nuclear Studies: Short-Term Residencies for Physicians.— 
The Medical Division of the Oak Ridge Institute of Nuclear Studies, in collaboration with 
hospitals and other medical institutions, provides a three-month residency in Oak Ridge 
for resident physicians in such fields as medicine, surgery, pathology, and radiology. To 
provide the best training experience, the ORINS residency should be integrated with the 
resident's training program and should be taken in the latter part of the residency. Board 
approval is granted through the parent institution, 

The training program for the ORINS residency is flexible and varies with the specializa- 
tion and interests of the resident. These are examples of the types of programs which have 
been arranged for residents: 


Medicine and Surgery: Participation in care and treatment of research patients; training 
in use of familiar types of isotope therapy, and new and experimental isotope studies and 
use of isotopes in diagnostic and tracer studies; may also include laboratory studies and 
experimental animal research, 


Pathology: Assistance in autopsy studies on patients treated with isotopes; training in 
techniques of handling tissues containing radioactive elements; preparation of gross and 
microscopic autoradiograms on surgical specimens, autopsy tissues, and animal materials; 
may also include participation in patient care and treatment. 

Radiology: Participation in the clinical radioisotope program and an active teletherapy 
program using radioisotopes; includes detailed diagnostic x-ray studies with close clinical 
correlation. 

Residents may participate in the four-week basic course in radioisotope techniques offered 
by the Special Training Division. The usual fee for the course is waived and residents 
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receive their stipends during the course. Application for the course must be made at least 
three months in advance on forms supplied by the Special Training Division of the Institute 

Residents are paid an amount equal to the stipend at the time of appointment plus $4.00 
per day in lieu of maintenance. The total payment will be at least $180 per month and not 
more than $350 per month. 

The Oak Ridge Institute of Nuclear Studies is a private, nonprofit corporation operating 
under a contract with the Atomic Energy Commission. The Medical Division operates a 
medical research program, including basic studies of radioisotopes and therapeutic uses in 
treatment of cancer and allied diseases; it includes a 30-bed research hospital and well- 
equipped laboratories for animal studies and related fundamental research. 

Residents are accepted upon the recommendation of the chairman of the department or a 
similar responsible official of the parent institution. Forms for recommending residents are 
available from The Medical Division, Oak Ridge Institute of Nuclear Studies, P, O, Box 
117, Oak Ridge, Tenn. 


PERSONAL NEWS 


Dr. Herwig Hamperl Visiting Professor to University of Wisconsin.—Dr. Herwig 
Hamperl, director of the Institute of Pathology, University of Bonn, Germany, has been 
appointed visiting Carl Schurz professor in the University of Wisconsin Medical School, 
Madison, for the spring semester. Dr, Hamper! will present lectures at the University 
Medical School and at the University of Wisconsin, Milwaukee. 


SOCIETY NEWS 


The American Society of Medical Technologists.—The American Society of Medical 
Technologists will hold its silver anniversary convention at the Palmer House, Chicago, from 
June 23 to 29, 1957. The program will center around a series of study groups and workshops 
representative of 25 years of progress. For further details address the Executive Office, 
#25 Hermans Professional Building, Houston 25, Texas. 
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BOOK REVIEWS 


Clinical Laboratory Diagnosis. I}y Samuel A. Levinson, M.S., M.D., Ph.D., and Robert 
P. MacFate, Ch.E., M.S., Ph.D. Price, $12.50. Pp. 1246, with 244 illustrations and 
13 plates. Lea & Febiger, 600 S. Washington Sq., Philadelphia, 1956. 

This is the fifth edition of a widely used work on clinical laboratory diagnosis. Its 
objective is to present a suitable review of clinical laboratory diagnosis sufficient to meet the 
general needs of the medical student, intern, resident, and practicing physician, as well as 
the medical technologist. 

The material is divided according to systems, with a chapter on each part of the alimentary 
tract, the kidneys, the skin, and many of the body fluids. The consideration of the blood 
includes chemical procedures, immunology, serology, and hematology. Chapters are included 
on pediatric procedures, tropical diseases, milk and water analysis, histologic technique, legal 
medicine, and toxicology. 

In general the format remains the same, although the book is enlarged and brought up to 
date. The entire chapter on hematology is revised. An occasional table has escaped revision, 
however, such as the one which states that the disturbance in hemophilia is an abnormal 
thrombocyte disintegration. The chapter on bacteriology has been rewritten from a more 
practical standpoint. New material has been added in the section on blood chemistry, serology, 
tropical medicine, and toxicology. Space does not permit listing all of the newer methods 
included in this edition, but they include many of the procedures in daily use in the institu- 
tions with which the authors are associated. 

B. H. Sparco, M.D. 


Der primare Leberkrebs. By Kurt Kohn. Price, 15.60 marks. Pp. 85, with 20 figures 
and 15 tables. Springer-Verlag, Reichpietschufer 20 (1) Berlin W. 35 (West-Berlin); 
Neuenheimer Landstrasse 24, Heidelberg; Gottingen, 1955. 

This litthke monograph gives an excellent brief review of the subject and presents 85 new 
cases. Many data from the literature are compiled in tables, and photomicrographs illustrate 
the main types 

Paut E, Srerer. 


Counseling in Medical Genetics. By Sheldon C. Reed. Price, $4.00. Pp. 268. W. B. 
Saunders Company, 218 W. Washington Sq., Philadelphia 5, 1955. 

This book is written to help physicians answer patients’ questions concerning the heredity 
of diseases. About twenty-five chapters are devoted to the diseases and traits that appear 
with a frequency of more than one per thousand births. In an appendix, information is 
given on the heredity of many more traits, which are rare. This little book is highly readable 
and packed with interesting information. 

E. Srerner. 
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PARAGON STAINS PARAMOUNT QUALITY 


Tested and proven stains of the very highest quality 


PAPANICOLAOU STAINS-PARAGON 


EA-36 EA-65 OG-6 
Harris Hematoxylin (modified) 


Papanicolaou stains prepared according to the original formulae for the cytological diagnosis 
of cancer by means of the smear technic. 


These stains conform to Paragon’s rigid standard of excellence in every way at a modest 
cost that renders preparation by the laboratory technician unnecessary. 


STABLE READY TO USE 


Each lot of stain is tested against smears in our laboratories for correct differential stain- 
ing, color balance and transparency. 


PAPANICOLAOU STAIN—PARAGON EA-36 
For general staining of vaginal and cervical smears and in endocrine studies. 


PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and pleural fluids, etc. 
Similar to EA-36 but yielding better differentiation in the presence of mucus. 
PAPANICOLAOU STAIN—PARAGON OG-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou technic. 
HARRIS HEMATOXYLIN—PARAGON (modified) 
For Papanicolaou Staming 


A modified ready to use Harris Hematoxylin Stain specially formulated for Papani- 
colaou staining. It yields a sharp blue nuclear stain with no staining of the cytoplasm. 
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PAPANICOLAOU STAINS--PARAGON are packed in two convenient sizes only, a 
250 ce and a 500 cc bottle. 


Name Catalog No. S500cc 250 cc 


Bottle Bottle 
HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 


For Papanicolaou Staining PS1291 $1.50 
PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 

PS1292 2.35 
PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 3.85 

PS1293 2.35 
PAPANICOLAOU STAIN—PARAGON OG-6 PS1284 3.25 

PS1294 2.00 


— 


All prices F. O. B. New York, New York, subject to change without notice. 


Manufactured exclusively by 


PARAGON C. & C. CO., inc. 2540 belmont Ave., New York 58, N.Y. 


Cable Address: Wijeno, New York 


PATHOLOGIST 


To serve in the newly reorganized modern 
laboratories of the Medical Examiner's Office 
of the City of Philadelphia. Duties include 
supervision of work performed by subordi- 
nate pathologists. Prior medico-legal experi- 
ence not required. Starting salary $13,142 
per year. 37% hour work-week. University 
or hospital affiliations are encouraged. Quali- 
fications for appointment are eligibility for 
certification in pathologic anatomy, clinical 
pathology or both, or recognized sub-specialty, 
issued by the American Board of Pathology. 


Additional injermation and an application form may be 
obtained by communicating with Joseph ©. Spelman, 
M.D., Medical Examiner, 13th and Weed Streets, Phila- 
delphia 7, Pennsylvania. 


It’s not the microscope or 

even the sphygmomanometer, 
but the trained clinical judgment 
of your physician. 


Here ore several booklets on mental hygiene 
thet may prove of interest and use te you 
ond your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY 


T. R. Retiaw, 8 pages, 15 cents 


HYPNOTISM—HUMBUG OR HEALING 
James A. Brussel, 6 pages, 10 cents 


YOUR STAKE IN MENTAL HEALTH 
George S. Stevenson, 4 pages, 10 cents 


THE PSYCHIATRIST Edward Dengrove 
and Doris Kulmon, 6 pages, 10 cents 


BOOKLETS ON 
MENTAL HYGIENE 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity pur- 
chases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street @ Chicago 10 @ Iilinois 


“THE FINEST 
DIAGNOSTIC INSTRUMENT” 


by Paul Williamson, M.D. 


This four page reprint from TODAY’S HEALTH will be helpful and 
valuable literature for your office reception room. 


Enclosed is $ (no stamps) for. 
copies of “The Finest Diagnostic Instrument” 


Order Department 

American Medical Association 
535 N. Dearborn Street 
Chicago 10, Illinois 


Please send pamphlets to: 


(please print) 


ZONE___STATE 
Remittance should be enclosed for orders of less than $5.00. 
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a ORDER BLANK 
Single copy $ .10 
25 copies 2.00 
50 copies 3.75 
J 100 copies 7.00 


Get better pictures easier... 


with the Kodak 
Technical Close-Up Outfit 


Price includes Federal 
Tax and is subject 
change without notice. 


EASTMAN KODAK COMPANY * Medical Division * Rochester 4, N. Y. 
Serving medical progress through Photography and Radiography 


How much easier for the physician to discuss cases with the 


aid of fine photographs. 


FOR CLOSE-UPS: Simply hold the Kodak Technical 
Close-Up Outfit so frame is at subject. 
Photographs are objective. They report what the camera 
sees, That's one reason why they are invaluable for 
research and review, 

a FOR HALF LENGTHS (Regionals): Just hold camera 
feet from subject. 


Whatever you see — and 
want to save —get it with 
the Kodak Technical Close- 
Up Outfit. “You press the 
button; it does the rest.” 

In fact, just about all you 
need to do is load the camera 
with film, insert the flash bulb, 
cock the shutter and “Go.” 


The outfit consists of a Photographs endure . . . weeks, 
Kodak Pony Camera months, years later they're 
‘ ! 
Kodak B-C Flasholder, 
stainless steel bracket and ‘ 
camera 7 or 8 ft. from 


field frame, Kodak Close-l p Flash- subject as indicated by 
guards A and B, and Kodak Portra Lens viewfinder, 
with fittings. Price $62.50, complete, 
For further information, see your Kodak 
photographic dealer or write for literature. 
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over 30,000,000 accurate prothrombin time determinations... 


In the last six years, Simplastin has been used for 
more than 30,000,000 prothrombin time deter- 
minations. It is now being used in more hospitals in 
the United States than any other pre-extracted 
thromboplastin preparation. These facts are the 
most convincing evidence of Simplastin’s reliability. 


You can confirm the accuracy of Simplastin in 
your own laboratory without expense. We will 
gladly supply material for the following test: First, 
run three prothrombin time determinations with 
the same plasma of a patient on anticoagulant 
therapy, using three different vials of Simplastin. 
Then repeat, using the same plasma and three 
ampuls or bottles of any other thromboplastin. 
You will find only Simplastin consistently gives 
the same result. 


Simplastin’s consistency is most striking in the 
therapeutic range of anticoagulant therapy (above 
30 seconds) or with dilute (12.5%) plasma where 


clotting factors are drastically reduced. Its uni- 
form activity permits valid comparisons of pro- 
thrombin time estimations made on different days. 


Simplastin is ready for use by just adding distilled 
water. The vial already contains the correct 
amounts of calcium chloride and sodium chloride. 
No further manipulations are necessary which 
saves time and eliminates many possible sources 
of error. 


Available from leading laboratory supply distrib- 
utors in boxes of 10: 6-determination and 20- 
determination vials. 


Simplastin 


simple for the technician 
accurate for the clinician 


c 
Without obligation on my part, please send me 
three 20-determination vials of Simplastin. 


NAME. 


LABORATORY 


CITY STATE_ 
0 Please furnish name of nearest distributor. 


4 : 
| 
: 
| and for a conve ate control... 
@ ready-to-use upon addition of distilled water 
: @ eliminates uncertainty of “normal” donor 
| WARNER-CHILCOTT 
New 


the versatile 


“ready-to-use” control 


LAB-TROL ., DADE 


SO INEXPENSIVE it can be used daily with each run of a test procedure. 


For positive assurance of accuracy in blood chemistries. Lab-Trol comes in liquid 
form, ready to use from the bottle. Treated like serum or whole blood, it goes 
through every step of a procedure including protein precipitation, For daily checks 
on the accuracy of tests, technique, instruments and reagents, run Lab-Trol in 
parallel with unknown samples. 
Lab-Trol remains stable indefinitely, and because it is ready to use, is not subject 
to dilution errors. For tests with antigens, Lab-Trol con- 
tains human syphilis reagin (antibody)—gives 4+ reaction. 


EACH VIAL OF LAB-TROL will serve as a standard for all 
the following procedures: 
Total Protein Phosphorus —inorganic 
Glucose Non-Protein Nitrogen 
Magnesium Sodium 
® Blood Urea Nitrogen ®@ Potassium 
Creatinine Calcium—total 
Chlorides (as NaC!) 
No. 53455—Lab-Trol, package of six 3.5 mi. vials 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


You can rely on 
Scientific 
Products — 


Ainsworth balances 

American Optical 
microscopes 

B.B.L. culture media 

Barnstead stills 

Bausch & Lomb 
microscopes 

Beck Lee E.K.G. 
equipment 

Beckman 
instruments 

Becton-Dickinson 
equipment 

Berkeley radioisotope 
equipment 

Browne-Morse 
sectional cabinetry 

Christian Becker 
balances 

Clay Adams medical 
equipment 

Coleman 
spectrophotometers 

Coors porcelain 

Corning glass 

Dade serums 

DiSPo items -dis- 
posable specialties 

Hartman-Leddon 
chemicals 

Hycel clinical testing 
equipment 

International 
centrifuges 

Jewett refrigerators 

Kimble glassware 

Labline laboratory 
equipment 

Lindberg hotplates & 
furnaces 

Lipshaw tissue 
equipment 

Mallinckrodt reagent 
chemicals 

Matheson Coleman & 
Bell organic chem- 
icals 

Monaghan respiratory 
equipment 

Ohaus scales 

Precision scientific 
equipment 

Schieffetin 
pharmaceuticals 

SP laboratory 
Specialties 

Spinco electrophoresis 
apparatus 

Sylvana serological 
reagents 

Torsion balances 

Virtis virus & tissue 
equipment 

Warner-Chilcott 
pharmaceuticals 


Wew York + Chicago + Konsos City + Minneapolis + Atlonta + Washington + Dallas + Los Angeles + Son Froncisco 
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From the very beginning. . . in the very first Autotechnicon which introduced 
automation to tissue-processing .. . a round deck was used because only in a circle 


can you condense so many beakers, so compactly. It's simple geometry. 


But even the best idea can be improved, the deck 

is still a perfect circle . . . but it is smaller by a third. 
Still, the new radial beakers have 20% more capacity 
of both filvid and tissues than the previous ones. 


Since it doesn't sprawl all over the piace, as you 

see above, the New Autotechnicon, occupies a ye 
th of b- " i is mounted on a free- 

only the very corner of your lab-bench, leaving 


almost the entire bench free and clear for other work. . « « just rotate it to bring 
any beaker to the front 


Write today for Booklet 2-AT, for description of these new instruments. 


aAechnicon’ 


Traliblazer in histotogic automation 


Chauncey New Vork 
Paris Office: COMPAGNIE TECHNICON @ 7 rue Georges Ville © Paris 


the deck is still 
Perfect circle... ; 
i but the new one is ae 
| 
| 
| 
| 
THE TECHNICON COMPANY 


